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A B S T R A C T
Background Autologous hematopoietic stem cell transplantation (AHSCT) is one of the standard treatment 
modalities for patients with multiple myeloma (MM) under 65 years of age. Renal failure, significant disease 
comorbidity, significantly affects treatment choices. There are conflicting data in the literature regarding the 
dose of melphalan to be used for AHSCT in patients with renal failure and comorbid conditions. This study 
aimed to compare the efficacy and side effect data of different melphalan doses in patients with renal failure.
Material and Methods The study included 107 patients older than 18 years of age with a diagnosis of MM 
who underwent AHSCT in our centre between January 2010 and January 2019. The data of the patients were 
analyzed retrospectively. Patients were grouped according to estimated glomerular filtration rate (eGFR: < 60 
or ≥ 60 mL/min) and melphalan doses (140-200). In addition to renal failure, patients with low-performance 
scores (ECOG 3 and above) or severe systemic comorbid disease were included in the Mel-140 group.
Results Comparative analysis of MEL-140 and MEL-200 doses used for AHSCT showed no significant 
difference between the two groups regarding side effects, disease-free survival, and overall survival. 
Engraftment times were similar in both groups. When the patients were analyzed according to eGFR level, 
the incidence and severity of mucositis were higher in the group with low eGFR levels (p = 0.016). The 
duration of engraftment, complication with a febrile neutropenic attack, and development of septic shock 
were similar in both groups.
Conclusions In addition to renal failure, MEL-140 emerges as a preferable transplant preparation regimen 
considering its efficacy and side effect profile in patients with low-performance scores or severe systemic 
comorbidities.
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INTRODUCTION

Autologous hematopoietic stem cell transplanta-
tion (AHSCT) is the standard treatment approach in 
patients diagnosed with multiple myeloma (MM) aged 
< 65 years.1,2 Although different criteria for transplant 
candidates are used in different centres, AHSCT fol-
lowing induction therapy in young patients with good 
performance status is the standard treatment. Although 
the term “young patient” is used for patients who are not 
older than 65 years of age, patients who are older than 65 
years of age without comorbidities and with good per-
formance status can also be considered transplant candi-
dates. Renal function is one of the critical factors, along 
with age, for AHSCT candidacy in MM patients.1 Renal 
failure is observed in 20-30% of newly diagnosed MM 
patients, and hemodialysis may be required in 10% of 
the patient group.3 Although a high treatment response 
rate is obtained with AHSCT with high dose melphalan 
following remission induction therapies, including the 
bortezomib-immunomodulatory agent (Imid)-dexa-
methasone in current studies, there is not enough con-
sensus regarding the use of high-dose melphalan in pa-
tient groups with renal failure.4,5 Studies have shown that 
AHSCT can be used in all stages of renal failure, includ-
ing the need for dialysis and does not cause post-trans-
plant engraftment failure.5 Although studies performed 
in patients with advanced renal failure are limited and 
retrospective, studies show that melphalan dose adjust-
ment should be performed mainly in dialysis-dependent 
patients and transplant-related mortality rates in these 
patients may be high.6

Melphalan used for autologous transplantation in pa-
tients with MM is a bifunctional alkylating agent, and 
the myeloablative dose of 200 mg/m2 is generally used 
for transplantation.7,8 Although spontaneous destruction 
is the most crucial step in eliminating melphalan from 
the body, some renal excretion also plays a role in elim-
ination.9-11 Although the rate of renal excretion is low, it 
is known that melphalan pharmacokinetics is affected in 
patients with renal failure.12 In patient groups with renal 
failure, some centres aimed to prevent toxicity by reduc-
ing the dose of melphalan to 140 mg/m2.13 We aimed to 
contribute to the literature on the effective and safe dose 
in patient groups with renal failure and vulnerable pa-
tients by evaluating the data of patients who were fol-
lowed up in our centre due to limited and contradictory 
data in studies on melphalan dose.

MATERIAL AND METHODS
The study included 107 patients older than 18 years 

of age with a diagnosis of MM who underwent AH-
SCT in Bursa Uludag University Faculty of Medi-
cine, Department of Hematology, between January 
2010 and January 2019. The data of the patients were 
retrospectively analyzed from their files. The patients 
were evaluated according to Kidney Disease Improv-
ing Global Outcomes (KDIGO) estimated glomerular 
filtration rate (eGFR: < 60 or ≥ 60 mL/min) levels and 
melphalan doses (140-200). Patients with low-perfor-
mance scores (ECOG 3 and above) or severe systemic 
comorbidities other than renal failure were included 
in the Mel-140 group. The Mel-140 group included 11 
patients, and the Mel-200 group included 96 patients. 
Age, gender, primary diagnosis, stage, pre-transplant 
treatment regimens, stem cell collection regimen, 
transplant preparation regimen, serum creatinine 
level, need for hemodialysis before transplantation, 
eGFR level, post-transplant complications, history of 
febrile neutropenic attack, presence of septic shock, 
neutrophil and platelet engraftment times, presence of 
recurrence, presence of mortality in the first 100 days 
were analyzed. Our study was conducted under the 
institutional research committee’s ethical standards 
and according to the 1964 Helsinki Declaration. 

Statistical Analysis
The compatibility of the variables with normal 

distribution was analyzed by the Shapiro-Wilk test. 
Continuous variables were expressed as median 
(minimum: maximum) and mean ± standard devia-
tion. Categorical variables were expressed as n (%). 
Mann-Whitney U test was used for comparisons be-
tween two groups according to the normality test re-
sults. Pearson chi-square, Fisher’s exact chi-square, 
and Fisher-Freeman-Halton tests were used to compare 
categorical variables between groups. Kaplan-Meier 
analysis was performed to investigate differences in 
overall and disease-free survival, and survival curves 
were compared using the log-rank test. For statisti-
cal analyses, SPSS (IBM Corp. Released 2012. IBM 
SPSS Statistics for Windows, Version 21.0. Armonk, 
NY: IBM Corp.) programme was used, and p < 0.05 
was considered statistically significant.

RESULTS

Of 107 patients with MM, 41 (38.3%) were male, 
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and 66 (61.7%) were female. Patient characteristics 
according to eGFR level were shown in Table 1. 18 
patients (16%) were in the group with eGFR < 60 mL/
min, while 89 patients (84%) were in the eGFR ≥ 60 
mL/min group. The age range was 20-71 years, and 
the median age was 58 in the low eGFR group and 55 
in the normal eGFR group. The subgroup analysis of 
patients with MM was shown in Table 2.

When melphalan doses used in transplant prepara-
tion were compared according to eGFR level, it was 
found that the melphalan 140 mg/m2 dose was used 
more in patients with low eGFR. It was statistically 
significant (p < 0.001). Two doses were used in the 
transplant preparation regime to evaluate the mel-
phalan dose regarding side effects and engraftment 
time. No significant difference was found between the 
two groups regarding toxicity or engraftment time. 
A comparison of the groups according to melphalan 
dose was shown in Table 3.

In the analysis of the complications that developed 
during transplantation, the incidence and severity of 
mucositis were higher in the low eGFR group (p = 
0.040, p = 0.012). No significant difference was found 
in hepatotoxicity, nephrotoxicity, frequency of febrile 
neutropenic attacks, septic shock incidence, and di-
arrhoea development according to eGFR level. No 
significant difference was found between the two 
groups in evaluating neutrophil engraftment times 
according to eGFR level. Median platelet > 20,000/

mm3 engraftment time was found to be the 14th day in 
the eGFR < 60 mL/min group and the 12th day in the 
eGFR ≥ 60 mL/min groups, but no statistically signif-
icant difference was found between the two groups (p 
= 0.117). Median platelet > 50,000/mm3 time was lon-
ger in the group with eGFR < 60 mL/min (p = 0.006). 
Complication evaluation according to eGFR level was 
summarized in Table 4. 

According to the melphalan dose, median dis-
ease-free survival (DFS) was 37 months in the Mel-
140 mg/m2 group and 41 months in the Mel-200 mg/
m2 group, and no significant difference was found 
between the two groups (p = 0.882) (Figure 1A). No 
median value was reached in the overall survival (OS) 
analysis, and 12, 36, and 60-month OS in the Mel-200

Table 1. Patient characteristics according to estimated glomerular filtration rate (eGFR) level. 
 eGFR < 60 mL/min 

(n: 18) 
eGFR ≥ 60 mL/min 

(n: 89) 
P value 

Age (years)  58 (49:70) 55 (20:71) 0.040a 
Gender (Male/Female)  5/13 36/53 0.224b 
ISS phase I  
ISS phase II  
ISS phase III  

5 (27.8) 
2 (11.1) 
11 (61.1) 

28 (31.8) 
32 (36.4) 
28 (31.8) 

0.038b 

Number of treatment received before transplant 2 (1:3) 2 (1:4) 0.700a 
Lenalidomide based  10 (47.6) 30 (25.6) 0.041b 
Bortezomib based  18 (85.7) 85 (72.6) 0.205b 
Stem cell G-CSF  
Collection regime chemotherapy+G-CSF  

11 (61) 
7 (39) 

50 (56.8) 
39 (43.2) 

0.818b 

Transplant preparation melphalan 200 mg/m2   
Regime* melphalan 140 mg/m2  

10 (10.4) 
8 (72.7) 

86 (89.6) 
3 (27.3) 

< 0.001c 

Serum creatinine (mg/dL) 1.60 (1.2:8) 0.70 (0.5:1.2) < 0.001a 
eGFR <50 (mL/min) 
eGFR ≥50 (mL/min) 

1 (5.6) 
17 (94.4) 

3 (3.38) 
86 (96.62) 

0.487d 

G-CSF: granulocyte colony-stimulating factor. Data were expressed as median (minimum: maximum) or n (%).  
*percentages in brackets were calculated according to transplant preparation regime groups.  
aMann-Whitney U test, b Chi-square test, c Fisher Freeman-Halton test, d Fisher's exact chi-square test. 
 
  

 
 
Table 2. Subgroup analysis of patients 
diagnosed with multiple myeloma. 
 eGFR <60 

mL/min (n: 18) 
eGFR ≥60 

mL/min (n: 89) 
IgG  9 (50) 43 (48.3) 
IgA  2 (11.1) 23 (25.8) 
Kappa light chain  6 (33.3) 7 (7.9) 
Lambda light chain  0 11 (12.4) 
Plasmacytoma  0 4 (4.5) 
IgE  1 (5.6) 0 
Plasma cell 
leukemia  

0 1 (1.1) 

Data were expressed as n (%). 
 
  

94



Turk J Int Med 2023;5(2):92-98   Hunutlu et al.

mg/m2 group was 97.9%, 88.7%, and 70.5%, respec-
tively. In the Mel-140 mg/m2 group, 12-36-60 months 
OS was determined as 100%, 100%, and 53%, respec-
tively. There was no significant difference in OS be-
tween the two groups (p = 0.665) (Figure 1B).

DISCUSSION

AHSCT performed in combination with high-dose 
chemotherapy is the standard treatment approach 
in patients with MM with good performance who 

 
Table 3. Comparison of side effects and engraftment times according to melphalan dose. 
Transplant preparation regime Melphalan 140 

mg/m2 (n: 11) 
Melphalan 200 mg/m2 

(n: 96) 
P value 

Transaminase elevation  1 (9.1) 10 (10.4) > 0.99a 
Serum bilirubin elevation  2 (18.2) 13 (13.5) 0.651a 
Mucositis  
   Grade 1-2  
   Grade 3-4  
   None 

 
6 (54.5) 
1 (9.1) 
4 (36.4) 

 
51 (53.1) 
9 (9.4) 

36 (37.5) 

> 0.99b 

Diarrhoea 
   Grade 1-2  
   Grade 3-4  
   None 

 
7 (63.6) 
4 (36.4) 

0 

 
38 (39.6) 
54 (56.3) 
4 (4.2) 

0.337b 

Neutrophil engraftment (days)  11(10:12) 11 (8:40) 0.322c 
Platelet 20,000 engraftment (days) 13 (11:28) 12.50 (8:54) 0.297c 
Platelet 50,000 engraftment (days) 21 (14:35) 17 (10:90) 0.065c 
Progression free survival (PFS) (months) 39 ± 8.42 54.38 ± 6.76 0.882 
Overall survival (OS) (months)  68.47 ± 3.98 124.43 ± 11.27 0.665 
Data were expressed as median (minimum: maximum), mean ± standard deviation or n (%).  
a Fisher's exact chi-square test, b Fisher Freeman-Halton test, c Mann-Whitney U test. 
 
  

 
Table 4. Evaluation of complications during transplantation and duration of engraftment 
according to estimated glomerular filtration rate (eGFR) level. 
 eGFR < 60 mL/min 

(n: 18) 
eGFR ≥ 60 mL/min 

(n: 89) 
P value 

Renal failure in transplantation  
   Yes hemodialysis none  
   Yes hemodialysis yes  
   None  

 
7 (38.9) 
1 (%5.6) 

10 (%55.6) 

 
18 (20.2) 
3 (3.4) 

68 (76.4) 

0.132a 

Transaminase elevation  0 11 (12.4) 0.205b 
Serum bilirubin elevation  2 (11.1) 13 (14.6) > 0.99b 
Mucositis  
   Grade 1-2  
   Grade 3-4  
   None 

 
10 (55.6) 
5 (27.8) 
3 (16.6) 

 
47 (52.8) 
5 (5.6) 

37 (41.6) 

0.016c 

Diarrhoea 
   Grade 1-2  
   Grade 3-4  
   None 

 
5 (27.8) 
13 (72.2) 

0 

 
40 (44.9) 
45 (50.6) 
4 (4.5) 

0.297a 

Febrile neutropenia attack  16 (88.9) 86 (96.6) 0.196b 
Septic shock  1 (5.60) 3 (3.40) 0.527b 
Neutrophil engraftment (days)  11 (9:14) 11 (8:40) 0.002d 
Platelet 20,000 engraftment (days) 14 (10:33) 12 (8:54) 0.117d 
Platelet 50,000 engraftment (days) 21 (14:39) 17 (10:90) 0.006d 
Progression free survival (PFS) (months) 42.87 ± 6.33 53.95 ± 6.90 0.331 
Overall survival (OS) (months)  81.03 ± 7.49 121.11 ± 11.59 0.387 
Data were expressed as median (minimum: maximum), mean±standard deviation or n (%).  
a Fisher Freeman-Halton test, b Fisher's exact chi-square test, c Chi-square test, d Mann-Whitney U test. 
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achieve remission with induction therapies.1,14 How-
ever, there is still no consensus about the application 
of AHSCT in patients with renal failure, especially in 
patients with MM, and the dose of melphalan to be 
used as a preparatory regimen. In our survey analysis 
of the melphalan dose, no significant difference was 
found between both melphalan doses regarding dis-
ease-free survival and overall survival. A study con-
ducted in 2018 on 55 MM patients with renal failure 
showed that melphalan could be used as an effective 
treatment option in all stages of renal failure, includ-
ing patients on dialysis, and that the 140 mg/m2 dose 
was safer in terms of side effect management in re-
nal failure. Regarding efficacy, 140 mg/m2 dose also 
influenced survival analysis results.15 Similarly, in a 
study in which EBMT data were analyzed accord-
ing to melphalan dose, no significant difference was 
found between Mel-140 and Mel-200 doses in the sur-
vey analysis.13 In another study in which elderly MM 
patients were analyzed, it was observed that patients 
who used Mel-140 mg/m2 in the transplant preparato-
ry regimen had lower progression-free survival and 
overall survival rates compared to the Mel-200 mg/
m2 group.16 In our study, no statistically significant 
difference was detected between the two groups. The 
difference between the two studies may be because 
patients with lower performance scores and lower sur-
vey expectations were included in the Mel-140 group 
and the difference between the number of patients and 
the induction therapy used before transplantation.

No significant difference was detected between 
the two groups in the rate of mucositis, development 
of hepatotoxicity, and engraftment times in the com-

parison results we performed according to melphalan 
doses. Similarly, in comparing melphalan doses, side 
effects and toxicity-related mortality rates were de-
tected between the two groups.13 As another result of 
our study, the incidence and severity of mucositis were 
higher in patients with low GFR levels. Similarly, a 
study was conducted on 381 newly diagnosed MM pa-
tients during AHSCT. Low GFR and high melphalan 
dose were observed as risk factors for severe muco-
sitis.17 The two groups had no significant difference 
regarding non-mucositis side effects and engraftment 
times compared to melphalan doses. A 1996 study 
showed that although melphalan was renally excret-
ed, the main route of elimination was spontaneous hy-
drolysis and melphalan half-life and clearance did not 
change significantly even in patients with severe renal 
failure. In the same study, no difference was detected 
between the groups with and without renal failure in 
hematopoietic recovery, the frequency of transfusion 
requirement, and the incidence of severe mucositis 
(grade 3 and above).18

There are few case reports in the literature about 
lenalidomide-induced hepatotoxicity. One patient pre-
sented with a cholestatic injury pattern19, another pa-
tient had lenalidomide-associated hepatitis20, the third 
patient had a mixed pattern of liver injury21, and the 
fourth patient had asymptomatic transaminase eleva-
tion.22 Most of cases, patients had pre-existing renal 
failure. Lenalidomide is mainly excreted by kidneys, 
so patients with renal failure may be more prone to 
developing hepatotoxicity.21 In our study results, there 
were no cases of lenalidomide-induced hepatotoxici-
ty.

Figure 1. Kaplan-Meier survival analysis according to melphalan doses: (A) disease-free survival; (B) overall survival.
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Study Limitations
The small number of patients with renal failure, 

the exclusion of patients with incomplete data due 
to the study’s retrospective design, and the fact that 
patients with MM constitute a heterogeneous patient 
population can be considered as the limiting factors 
of our study. Prospective randomised controlled stud-
ies on homogeneous groups of transplant candidates 
with renal failure will contribute to the literature in 
the future.

CONCLUSIONS

In conclusion, Mel-140 appears to be an effective 
and safe transplantation preparatory regimen in frail

patients with renal insufficiency, low-performance 
scores, or severe systemic comorbid disease. The fact 
that melphalan undergoes spontaneous hydrolysis 
along with renal excretion allows it to be used safe-
ly in patients with low GFR without a significant in-
crease in side effects.
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