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Abstract

Autologous stem cell transplantation (ASCT) remains a mainstay in the treatment of multiple 

myeloma (MM). While the procedure is generally safe, toxicities associated with high-dose 

melphalan conditioning are common and significantly affect patient quality of life. Recently, a 

propylene glycol-free melphalan formulation (PG-free MEL; Evomela®) was approved by the 

United States Food and Drug Administration as an ASCT conditioning regimen for MM. PG-free 

MEL is more soluble and stable than propylene glycol-solubilized melphalan (PG-solubilized 

MEL; Alkeran®). As such, there is speculation that it could decrease toxicities and increase the 

efficacy of ASCT. We compared the outcomes of patients conditioned with PG-free MEL (n=216) 

to PG-solubilized MEL (n=200) at our institution. The baseline characteristics were similar 

between the two groups. After Day +0, there were no differences in terms of hospitalizations, 

neutropenic fevers, intravenous granisetron requirement, World Health Organization grade ≥2 oral/

esophageal mucositis, intravenous fluid requirement, or narcotic requirement. However, PG-free 

MEL patients had a higher incidence of diarrhea, which was mostly C. difficile-negative (82% vs. 

71%, P=0.015*). Day +100 hematologic responses and progression-free survival after ASCT were 

comparable. In summary, we demonstrate that switching to PG-free MEL did not significantly 

reduce short-term complications of ASCT or improve outcomes in MM.
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Introduction

Multiple myeloma (MM) is a heterogeneous disease caused by malignant terminally-

differentiated plasma cells.1, 2 Novel agents, such as proteasome inhibitors and 

immunomodulatory drugs, have remarkably changed the treatment landscape of MM in the 

past two decades.3 Even so, autologous stem cell transplantation (ASCT) remains a 

mainstay in the therapeutic armamentarium for fit patients under the age of 70.4–8

High-dose melphalan has been used as a conditioning regimen for ASCT in MM since the 

1980s.9, 10 Common toxicities after melphalan administration include nausea, vomiting, 

diarrhea, alopecia, and gastrointestinal mucositis.11, 12 The latter, particularly of the oral/

esophageal mucosa, occurs frequently and significantly affects the nutritional status, 

hydration, and quality of life of patients during ASCT.13, 14 Further, severe oral/esophageal 

mucositis increases hospitalization time and thereby costs of care.15–17

A propylene glycol-free formulation of melphalan (PG-free MEL; Evomela®) was recently 

approved by the United States Food and Drug Administration (FDA) as an ASCT 

conditioning regimen for patients with MM. The primary impetus for this novel formulation 

was to improve upon the stability and solubility of propylene glycol-solubilized melphalan 

(PG-solubilized MEL; Alkeran®) by making use of captisol, a modified cyclodextrin 

solubilizing agent.18, 19 As such, there is speculation that using PG-free MEL as a 

conditioning regimen for ASCT may decrease toxicities and increase efficacy compared to 

PG-solubilized MEL.20–24

For example, it was noted that patients treated with PG-free MEL had a relatively low 

incidence of severe oral mucositis in the Phase IIb trial which lead to its FDA approval.23 

However, it is unclear if ASCT outcomes differ significantly between patients treated with 

either PG-free or PG-solubilized MEL in clinical practice. In pursuit of this question, we 

compared the outcomes of patients who underwent ASCT for the treatment of MM before 

and after an institutional switch to PG-free MEL.

Methods

After approval by the Mayo Clinic Institutional Review Board, we reviewed the medical 

records of 416 consecutive patients who underwent ASCT for the treatment of MM at Mayo 

Clinic Rochester from October 15, 2015 to October 27, 2017. All patients were diagnosed 

according to the 2014 International Myeloma Working Group (IMWG) definition of MM.25 

The switch from PG-solubilized MEL (Alkeran®; GlaxoSmithKline, Research Triangle 

Park, NC, USA) to PG-free MEL (Evomela®; Spectrum Pharmaceuticals, Inc., Irvine, CA, 

USA) occurred at our institution on October 10, 2016. Thus, 200 patients in our study were 

conditioned with PG-solubilized MEL; 216 were conditioned with PG-free MEL. Patients 

who had already received an ASCT prior October 15, 2015 were excluded. In addition, for 

patients who underwent a second ASCT during the study period, only the first ASCT was 

considered.

All ASCT for MM at Mayo Clinic Rochester is initiated on an outpatient basis, except for 

patients who lack a caregiver, or for those who have significant comorbidities and/or poor 

Miller et al. Page 2

Bone Marrow Transplant. Author manuscript; available in PMC 2019 April 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



performance status.26 The IMWG Uniform Response Criteria for Multiple Myeloma was 

used to assess treatment responses before ASCT and on day +100 after ASCT.27 The 

international staging system (ISS) was used to stage patients at the time of diagnosis.28 

High-risk cytogenetics were defined as t(4;14), del(17/17p), t(14;16), and t(14;20).

Oral/esophageal mucositis was graded by K.C.M. using information in the patient medical 

records according to the World Health Organization (WHO) oral toxicity criteria. Clinical 

notes were systematically interrogated for documentation of oral ulcers during the physical 

exam, as well as severe pain resulting in a significant limitation of oral intake; patients with 

either of these features were graded as ≥2. Moreover, patients with severe esophagitis pain 

that significantly limited oral intake were graded as ≥2, even if no oral ulcers were 

documented. Diarrhea clinically attributable to gastrointestinal mucositis was not considered 

in grading of mucositis due to lack of standardized criteria. However, clinical notes were 

systematically reviewed for documentation of loose stools/diarrhea as well as treatment with 

anti-diarrheal agents.

Neutrophil engraftment was defined as an absolute neutrophil count >0.5 × 109/L for 3 

consecutive days. Platelet engraftment was defined as platelets >20,000/mL for 3 

consecutive days, with the absence of a platelet transfusion in the preceding 7 days. The 

Mann-Whitney U test and Fisher’s Exact test were used to compared continuous and 

categorical variables, respectively. Progression-free survival was measured from the date of 

ASCT until either progression, as defined by the IMWG criteria,27 or death from any cause, 

as of May 15th, 2018, with patients who remained alive and progression-free censored at the 

time of last follow-up. The Kaplan-Meier method and log-rank test were used to compare 

neutrophil and platelet engraftment kinetics, and progression-free survival between the two 

treatment groups. Median time of follow-up was calculated using the reverse Kaplan-Meier 

method. Statistical analysis was completed using JMP 13 (SAS Institute Inc., Cary, NC, 

USA).

Results

Patient Characteristics

Four-hundred and sixteen consecutive patients underwent ASCT for the treatment of MM: 

216 patients were conditioned with PG-free MEL, while 200 patients were conditioned with 

PG-solubilized MEL. The two treatment groups were balanced with respect to age, sex, type 

of myeloma, ISS stage at the time of diagnosis, and the presence of high-risk cytogenetics at 

diagnosis detected by fluorescence in situ hybridization (FISH). The types of induction 

regimen and duration of induction were comparable between the two groups. Moreover, 

there was a comparable length of time from diagnosis to ASCT, serum creatinine prior to 

ASCT, and depth of response at the time of ASCT (Table 1). There was no significant 

difference between the PG-free MEL and PG-solubilized MEL groups in terms of the 

dosage of melphalan, i.e. full-dose (200 mg/m2) or reduced-dose (e.g. 140 mg/m2)(P=0.10).
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Transplant Outcomes

After stem cell infusion (Day +0), there were no significant differences between patients 

conditioned with PG-free MEL or PG-solubilized MEL in terms of the number of patients 

who were hospitalized (42% vs. 39%, P=0.49). Of the patients who required hospitalization, 

the length of time spent in the hospital did not differ between the two groups (median of 6 

nights for both, P=0.67). The primary indications for hospitalization are detailed in Table 2, 

and were comparable. The most common reasons for hospitalization for both groups were 

neutropenic fever or infection, followed by hypovolemia/fall risk, then severe oral/

esophageal mucositis. The time from Day +0 to the final outpatient ASCT dismissal visit, 

which is contingent on the patients’ functional recovery as assessed by the transplant team, 

was identical between the PG-free MEL and PG-solubilized MEL groups (20 vs. 20 days, 

P=0.79).

The time to both neutrophil engraftment and platelet engraftment did not differ between the 

two treatment groups (Figure 1). Packed red blood cell and platelet transfusion utilization 

was comparable as well. Further, there were no significant differences in the incidence of 

neutropenic fevers, bacteremia, or peri-engraftment syndrome requiring systemic 

corticosteroid treatment (Table 3). There was a trend towards a lower incidence of cardiac 

arrhythmias, including recurrence of underlying atrial fibrillation/flutter as well as new onset 

atrial fibrillation/flutter/tachyarrhythmias in patients treated with PG-free MEL (5% vs. 9%, 

P=0.13), but the difference was not significant.

At our institution, patients who develop severe nausea are offered intravenous (IV) 

granisetron as needed. We compared the IV granisetron requirement between the two groups 

as a surrogate for the severity of nausea. There were no significant differences in the number 

of days on IV granisetron treatment (10 vs. 9 days, P=0.48) or cumulative dose of IV 

granisetron (12.5 vs. 11 mg, P=0.36) between the PG-free MEL and PG-solubilized MEL 

groups, respectively (Table 3).

The incidence of WHO grade ≥2 oral/esophageal mucositis was similar between the PG-free 

MEL and PG-solubilized MEL groups (24% vs. 20%, respectively, P=0.35). Interestingly, 

the PG-free MEL group had a higher incidence of diarrhea (82% vs. 71%, P=0.015) (Table 

3). The majority of this was Clostridium difficile-negative, but there was a lower incidence 

of C. difficile infections in the PG-free MEL group (5% vs. 11%)(P=0.038). A greater 

number of patients in the PG-free MEL group received anti-diarrheal treatment with either 

loperamide or a combination of loperamide and atropine/diphenoxylate (when only 

considering patients without evidence of C. difficile infection). Of these patients, a higher 

proportion in the PG-free MEL group required dual loperamide plus atropine/diphenoxylate 

therapy (14% vs. 7%, P=0.003).

The maximum intensity of narcotic requirement, stratified into three tiers (oral narcotics 

only, fentanyl patches, or intravenous narcotics), was comparable between the two treatment 

groups. Lastly, IV fluid utilization between the two groups did not significantly differ (Table 

3).
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Finally, there were no significant differences in Day +100 hematologic responses between 

the two groups (Figure 2). Although the median follow-up time was relatively short (16.2 

months), progression-free survival was comparable between the two treatment groups 

(Figure 3). By Day +100, one patient in each of the treatment groups was deceased; both 

patients had extramedullary relapses of their MM.

Discussion

High-dose conditioning with melphalan followed by ASCT is integral to the treatment of 

patients with MM, even in the era of novel agents.7, 8, 29 While ASCT is largely safe,26 

morbidity and costs associated with the procedure are significant.30–32 Oral/esophageal 

mucositis is a major factor affecting patient quality of life during ASCT.13, 14 Given that 

mucositis is the rate limiting toxicity of melphalan administration,11, 33 it is intuitive that a 

more stable and soluble formulation, i.e. PG-free MEL, could facilitate less toxicities and 

greater efficacy.

However, in the present study we find no evidence to suggest improved outcomes in the 

short-term for patients conditioned with PG-free MEL compared to patients conditioned 

with PG-solubilized MEL, including the rate of WHO Grade ≥2 oral/esophageal mucositis. 

Given the outpatient nature of our ASCT practice, we had a relatively high sensitivity to 

detect complications of ASCT meriting admission to the hospital. Of note, there was no 

difference in hospitalization rate or the length of stay between the two treatment groups.

While it is known that high-dose melphalan is associated with cardiac toxicities,34, 35 

attributing arrhythmias to it per se is difficult in the background of the physiologic stress 

caused by ASCT; patients often have concomitant electrolyte abnormalities, hypovolemia, 

and others. We noted a trend towards a lower incidence of both recurrence of underlying 

atrial fibrillation/flutter and new-onset tachyarrhythmias in patients conditioned with PG-

free MEL, but the difference was not statistically significant. Likewise, while high doses of 

propylene-glycol have been associated with nephrotoxicity,36 it is difficult to ascribe 

particular toxicities to it in the context of ASCT since patients are volume depleted and have 

underlying renal impairment due to their MM.

We were unable to quantify the volume or duration of diarrhea during ASCT since the 

majority of patients were treated entirely in an outpatient setting. Furthermore, we were 

unable to compare the cumulative dose of anti-diarrheals because most patients used these 

on an as needed basis outside of the hospital. With these limitations in mind, we found that 

patients conditioned with PG-free MEL had a higher incidence of C. difficile-negative 

diarrhea, and significantly more patients required anti-diarrheal therapy with loperamide +/- 

atropine/diphenoxylate compared to the PG-solubilized MEL group. Also, a greater 

proportion of patients in the PG-free MEL group required dual anti-diarrheal therapy with 

loperamide plus atropine/diphenoxylate, suggesting that perhaps there were a greater 

number of severe cases of C. difficile-negative diarrhea in the PG-free MEL group. On the 

other hand, the patients conditioned with PG-free MEL had a lower incidence of C. difficile 
infections. Taken together, it is difficult to attribute these findings to the solubilizing agents, 

melphalan per se, or inherent limitations in our retrospective study design; there might have 
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been a recent drop in C. difficile as a whole at our institution. Even so, future studies should 

investigate if conditioning with PG-free MEL affects the gastrointestinal tract in a different 

manner than PG-solubilized MEL and perhaps leads to more significant diarrhea.

Higher melphalan exposure, measured using area under the concentration vs. time curves 

(AUC), is associated with improved outcomes after ASCT in MM, but also an increased risk 

of severe mucositis.37 A recent abstract demonstrated less variability in AUC measurements 

for PG-free MEL compared to published data with PG-solubilized MEL.38 Further, several 

recent studies have demonstrated the feasibility of using pharmacokinetic-directed dosing of 

PG-free MEL to optimize serum melphalan concentrations.24, 39 Future prospective studies 

should clarify these findings and investigate if this method could be used to improve ASCT 

outcomes while sparing patients of undue toxicities.

Finally, we provide no evidence to suggest that PG-free MEL improves Day +100 

hematologic responses compared to PG-solubilized MEL. This is counter to a prior report 

from patients treated in the phase IIa trial,20 but not surprisingly that study included almost 

10-fold fewer patients than the present analysis. Also, progression-free survival was 

comparable between the two groups, although longer follow-up will be required to more 

definitely determine if progression-free and overall survival outcomes differ for patients 

conditioned with PG-free MEL compared to PG-solubilized MEL.

Conclusions drawn from this analysis are undoubtedly limited because our study was 

retrospective in nature. However, we did not identify any significant differences in baseline 

characteristics between the two treatment groups, which each included ≥200 patients. In 

addition, it is noteworthy that all the patients in the present study underwent ASCT during a 

two year span from October 2015 to October 2017. Even though significant advancements in 

the treatment of MM are ongoing, this is unlikely to have confounded our findings in such a 

short time period. Finally, although we only included MM patients in the present study, PG-

free MEL is being used in patients with other plasma cell disorders as well such as light-

chain amyloidosis.23 Future studies should assess the impact of PG-free MEL on both short 

and long-term outcomes in this disease group.
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Figure 1. 
(A) Time to neutrophil (ANC) engraftment from Day +0 compared between PG-free MEL 

(Evomela®) and PG-solubilized MEL (Alkeran®). (B) Time to platelet engraftment from 

Day +0 compared between PG-free and PG-solubilized MEL.
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Figure 2. 
Day +100 hematologic responses for the 216 patients conditioned with PG-free MEL 

(Evomela®) and 200 patients condition with PG-solubilized MEL (Alkeran®) after ASCT, 

shown as the proportion of patients achieving each response category.
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Figure 3. 
Progression-free survival measured from the date of ASCT (Day +0) for patients 

conditioned with either PG-free MEL (Evomela®) or PG-solubilized MEL (Alkeran®).
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Table 1

Baseline characteristics for patients conditioned with PG-free MEL (Evomela®) and PG-solubilized MEL 

(Alkeran®).

PG-free MEL
(Evomela®)

n=216

PG-solubilized MEL
(Alkeran®)

n=200

P

Age at Diagnosis, median (range) 61 (30–75) 60 (27–76) 0.85

Male, n (%) 132 (61) 116 (58) 0.55

Type of Myeloma, n (%) 0.10

  IgG 119 (55) 109 (55)

  IgA 46 (21) 38 (19)

  Light chain 50 (23) 45 (23)

  Other 1 (1) 8 (4)

ISS at diagnosis, n (%) 0.92

  I 57 (26) 56 (28)

  II 61 (28) 51 (26)

  III 52 (24) 51 (26)

  Missing data 46 (21) 42 (21)

FISH cytogenetics, n (%) 0.45

  Standard risk 131 (61) 132 (66)

  High risk 55 (25) 47 (24)

  Missing data 30 (14) 21 (11)

Induction regimen, n (%) 0.29

  Triplet* 138 (64) 123 (62)

  Doublet† 5 (2) 12 (6)

  Other 3 (1) 2 (1)

  Multiple regimens prior to ASCT 70 (32) 63 (32)

Duration of Induction, (months), median (IQR) 4 (3–6) 4 (3.25–6) 0.34

Age at ASCT, median (range) 62 (31–75) 61 (29–77) 0.76

Time from ASCT from diagnosis, (months), median (IQR) 6 (5–10) 6 (5–9) 0.92

Serum Creatinine prior to ASCT (mg/dL), median (IQR) 1 (0.8–1.2) 1 (0.8–1.2) 0.51

Disease status prior to ASCT, n (%) 0.31

  Stable disease or Progression 21 (10) 26 (13)

  PR 72 (33) 77 (39)

  VGPR 83 (38) 61 (31)

  CR 17 (8) 11 (6)

  sCR 23 (11) 25 (13)

Melphalan dose, n (%) 0.10

  200 mg/m2 161 (75) 164 (82)

  Reduced-dose (e.g. 140 mg/m2) 27 (13) 22 (11)
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PG-free MEL
(Evomela®)

n=216

PG-solubilized MEL
(Alkeran®)

n=200

P

  Other (e.g. +bortezomib) 28 (13) 14 (7)

*
Triplet regimens included a proteasome inhibitor (bortezomib, carfilzomib, or ixazomib), dexamethasone, and either an immunomodulatory agent 

(thalidomide or lenalidomide) or cyclophosphamide.

†
Doublet regimens included either bortezomib or lenalidomide, and dexamethasone.
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Table 2

Time to dismissal and hospitalization characteristics for patients conditioned with PG-free MEL (Evomela®) 

and PG-solubilized MEL (Alkeran®).

PG-free MEL
(Evomela®)

n=216

PG-solubilized MEL
(Alkeran®)

n=200

P

Time to ASCT dismissal visit (days from Day +0), median (IQR) 20 (18–21) 20 (18–22) 0.79

Hospitalization during ASCT, n (%) 92 (43) 78 (39) 0.49

  Number of nights in hospital, median (IQR) 6 (3–10) 6 (3–9) 0.67

Primary reason for hospitalization, n(%) 0.99

  Infection/Neutropenic fever 33 (36) 24 (31)

  Hypovolemia/fall risk 16 (17) 16 (21)

  Severe oral/esophageal mucositis 14 (15) 12 (15)

  Refractory nausea 8 (9) 7 (9)

  Lack of caregiver 7 (8) 7 (9)

  Cardiac arrhythmia 6 (7) 6 (8)

  Other 8 (9) 6 (8)
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Table 3

ASCT outcomes for patients conditioned with PG-free MEL (Evomela®) and PG-solubilized MEL 

(Alkeran®).

PG-free MEL
(Evomela®)

n=216

PG-solubilized MEL
(Alkeran®)

n=200

P

Neutropenic Fever, n (%) 133 (62) 126 (63) 0.84

  w/ Bacteremia 38 (29) 37 (29) 0.80

Periengraftment syndrome, n (%) 24 (11) 22 (11) 1.0

Cardiac arrhythmia, n (%) 11 (5) 18 (9) 0.13

Oral/Esophageal Mucositis (WHO Grade ≥2), n (%) 52 (24) 40 (20) 0.35

Narcotic requirement during ASCT, n (%) 153 (71) 144 (72) 0.83

  Oral narcotics (tramadol, oxycodone, etc.) 108 (50) 90 (45) 0.16

  Fentanyl patch 22 (10) 33 (17)

  IV Fentanyl, Hydromorphone, or Morphine 23 (11) 21 (11)

IV Fluid requirement (liters), median (IQR) 7 (3–12) 6 (3–11) 0.45

Diarrhea, n (%) 176 (82) 142 (71) 0.015*

  C. difficile-negative 167 (95) 125 (88) 0.038*

  C. difficile-positive 9 (5) 17 (12)

Anti-diarrheal requirement (amongst patients w/o C. difficile-positive diarrhea), n (%) 0.003*

  Loperamide alone 128 (62) 100 (55)

  Loperamide + diphenoxylate/atropine 29 (14) 13 (7)

  No pharmacologic treatment 50 (24) 70 (38)

IV granisetron requirement (days on therapy after Day +0), median (IQR) 10 (3–13) 9 (1–13) 0.48

  IV granisetron cumulative dose (mg), median (IQR) 12.5 (3–20) 11 (1–18) 0.36

RBC transfusion requirement (# of units), median (IQR) 0 (0–1) 0 (0–1) 0.79

Platelet transfusion requirement (# of units), median (IQR) 1 (1–2) 1 (1–2) 0.45

*
P< .05
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