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Abstract

Background: Our objective in this study is to compare the outcomes of patients with multiple myeloma 
(MM) over 65 years of age who had autologous hematopoietic stem cell transplantation (AHSCT) with the 
outcomes of patients under 65 years of age. 

Method: The study population comprised 29 patients over 65 years of age and 39 patients under 65 
years of age. Records on diagnosis, stage, and treatment before and after transplantation of the patients 
included in the study were collected. Outcomes of patients’ initial transplantations were evaluated. 

Results: The rate of positive and complex cytogenetic anomalies in patients over and under 65 years 
of age was determined to be 24.1% versus 5.1% (p=0.036) and 3.4% versus 2.6% (p=0.017), respectively. 
All of the patients who were determined to have 17p deletion, 13q deletion, and T (4;14) cytogenetic 
anomaly were in the older age group. In addition to this, the ratio of the patients who develop mucositis 
after AHSCT (p<0.001) and the ratio of the patients who developed neutropenic fever (p=0.027) were 
determined to be higher in the older age population. However, the rate of 1st year response to AHSCT 
was higher in patients over 65 years of age. Additionally, mean survival time and 5-year survival rate were 
signifi cantly higher in the younger patient group (log rank p=0.020) (p<0.05). 

Conclusion: In the treatment of MM, advanced age is considered to be a problem not only for AHSCT 
but also for intensive chemotherapies. 
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Introduction

Multiple myeloma (MM) is a clonal stem cell disease that 
occurs as a result of malignant transformation of plasma cells. 
It accounts for 1% of all cancers and 10% of hematological 
malignancies. It is more common in males compared to females 
(M/F: 1.4/1). Mean age at the time of diagnosis is 66; the ratio of 
patients under 55 years of age is less than 5%. Osteopenia, lytic 
lesions of bones, anemia, renal insuffi ciency, hypercalcemia, 
and infections are among the common possible complications. 
Complete cure cannot be achieved with the current treatments 
used in cases of MM [1].

The superiority of autologous hematopoietic stem cell 
transplantation (AHSCT) to conventional chemotherapies for 
treatment of patients of appropriate age who are diagnosed 
with MM has been proven in randomized controlled studies 
[2,3]. Recently, AHSCT with 200 mg/m2 of melphalan following 

an induction chemotherapy combined with new agents is 
being used as the standard treatment for patients with MM 
over 65 years of age [4,5]. Some of the studies evaluating the 
association of AHSCT applied to patients with MM with age 
suggest that AHSCT has a high risk of melphalan-associated 
toxicity in patients with MM over 65 years of age. In contrast, 
there are some studies proving the benefi t and safety of AHSCT 
in the treatment of these patients [6,7]. The general view is 
that the risk of toxicity may be reduced in the treatment of 
such older patients by lowering the dose of melphalan [8].

In recent studies, it has been observed that life analyses 
performed on patients with MM are more superior compared 
to the past, and this advantage is thought to be provided by 
the mechanism of action of new agents. Although AHSCT is 
an intensive and costly procedure, it reduces the need for 
treatment, time to remission, and other economic problems 
caused by new treatments. Furthermore, it is a quite effective 
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treatment option that may also be used as a salvage treatment 
in relapse-refractory disease [9,10]. 

Various factors such as stage of disease, presence of poor 
prognostic markers, accompanying comorbidities, and age play 
an important role in the success of transplantation in patients 
with MM [11]. There are very few studies that evaluated the 
association of AHSCT applied to patients with MM in Turkey 
with age. Our objective in this study is to compare the outcomes 
of patients with MM over 65 years of age who had AHSCT 
with the outcomes of patients under 65 years of age, based 
on single-center data. In addition to this, our objective is to 
evaluate transplantation-associated toxicity and success at 65 
years of age. 

Materials and Methods

Records on diagnosis, stage, and treatment before and 
after transplantation of 29 patients over 65 years of age and 
39 patients under 65 years of age for whom AHSCT was applied 
due to diagnosis of MM in the Ankara Numune Training and 
Research Hospital Bone Marrow Transplantation Unit between 
2008 and 2017 were collected. Outcomes of patients’ initial 
transplantations were evaluated. Our study was approved by 
Research Ethics Committee, Ankara Numune Training and 
Research Hospital (E-18-2209-2018). Informed consent 
was obtained from all individual participants included in the 
study. All procedures performed in studies involving human 
participants were in accordance with the ethical standards of 
the institutional and/or national research committee and with 
the 1964 Helsinki declaration and its later amendments or 
comparable ethical standards

Patients who had another malignant disease and patients 
who had received treatment due to diagnosis of MM but had 
not had transplantation were excluded from the study. 

As the transplantation protocol, patients under 65 years of 
age were administered 200 mg/m2/day and those over 65 years 
of age were administered 140 mg/m2/day of melphalan infusion 
for at least 20 minutes. During administration of melphalan, 
no infusion reaction was observed. All of the patients received 
antimicrobial prophylaxis with acyclovir, fl uconazole, and 
ciprofl oxacin. Patients were initiated with 5 μg(micrograms)/kg 
of fi lgrastim treatment 5 days after stem cell transplantation; 
it was continued for 3 more days after neutrophil count 
reached >0.5 × 109/L and then it was discontinued. Patients’ 
daily complete blood counts, renal and hepatic function tests, 
and electrolytes were recorded. When the temperature of the 
patients was 38 °C or above, blood cultures were taken and 
then broad-spectrum antibiotics were initiated. Erythrocyte 
replacement was provided when a patient’s hemoglobin value 
was <8 g/dL and thrombocyte suspension was administered 
when thrombocyte count was below 20 × 109/L. 

In the procedure for collecting patients’ stem cells, after 
treatment with high-dose cyclophosphamide (2-4 g/m2), 10 
μg/kg/day of fi lgrastim was administered from day 3 to the 
time of leukapheresis. When the leukocyte count of the patients 
reached 1-2 × 109/L, stem cell collection was performed in the 
apheresis unit. 

The treatments of the patients applied before 
transplantation and the response criteria used during follow-
up after transplantation were defi ned as follows: 

Complete remission (CR): Negative immunofi xation in 
serum and urine, less than 5% plasma cells in bone marrow, 
lack of soft tissue plasmacytomas. 

Very Good Partial Response (VGPR): M protein in serum and 
urine, which is absent in electrophoresis but can be detected in 
immunofi xation or reduction in serum M protein by 90% or 
more and <100 mg/24 hours urine M protein.

Partial Response (PR): Reduction in serum M protein by 
50% and reduction in 24-hour urine M protein by 90% or 
decreasing to less than 200 mg/24 hours; if serum or urine 
M protein cannot be measured, reduction in the difference 
between free light chains by 50%, instead of M protein 
criterion; if serum or urine M protein cannot be measured 
and it cannot be measured in serum light chain, reduction in 
plasma cells by 50% and, if present in the beginning, reduction 
in soft tissue plasmacytomas by 50%, instead of iv-M protein, 
on the condition that the basal ratio of bone marrow plasma 
cells is at least 30%. 

Stable Disease (SD): Defi ned as disease that did not meet 
the criteria for complete remission, very good partial response, 
and progressive disease.

Progressive Disease (PD): With a 25% increase in any of 
the following compared to the deepest response obtained, 
it was defi ned as 1) absolute increase ≥0.5 g/dL in serum 
M-component; 2) absolute increase of ≥200 mg/24 hours 
in urine M-component; 3) for bone marrow plasma cell 
percentage, absolute count >10%; 4) development of new 
bone lesions or soft tissue plasmacytomas or increase of size 
of preexisting bone lesions and soft tissue plasmacytomas, 5) 
development of hypercalcemia, which can be attributable to 
plasma cell disease (corrected serum calcium >11.5 mg/dL).

Statistical analysis

Statistical evaluation was performed using SPSS 20 
for Windows (IBM SPSS Inc., Armonk, NY, USA). Normal 
distribution of the data was evaluated using the Kolmogorov-
Smirnov test. Numerical variables exhibiting normal 
distribution were represented as mean±standard deviation; 
numerical variables not exhibiting normal distribution were 
represented as median (min-max). Categorical variables 
were given as count and percentage. Between two groups, the 
Student t-test was used for comparison of numerical variables 
exhibiting normal distribution and the Mann-Whitney U test 
was used for numerical variables that did not exhibit normal 
distribution. For comparison of categorical data the chi-
square and Fisher exact chi-square tests were used. Survival 
evaluation between age groups was performed using Kaplan-
Meier analysis. 

In statistical analyses, p<0.05 (*) was considered to be 
signifi cant.  
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Results

Demographical characteristics of the patients are provided 
in Table 1. The rate of chronic obstructive pulmonary disease 
(COPD) was determined to be higher in patients at and over 
65 years of age compared to patients under 65 years of age 
(20.7% versus 2.6%; p=0.042), while distributions of other 
comorbidities did not differ signifi cantly (p>0.05).

Mean hemoglobin was determined to be lower in patients at 
and over 65 years of age compared to patients under 65 years 
of age (9.8±2.0 versus 11.1±2.3; p=0.013). Other laboratory 
fi ndings are provided in Table 2 in detail. 

Clinical characteristics of the patients are provided in Table 
3. The ratio of patients in whom cytogenetic anomalies were 
positive was determined to be higher in patients at and over 65 
years of age compared to patients under 65 years of age (24.1% 
versus 5.1%; p=0.036). All of the patients who were determined 
to have 17p deletion, 13q deletion, and T(4;14) cytogenetic 
anomaly were in the older age group. The ratio of the patients 
in whom a complex cytogenetic anomaly was determined was 
higher among patients at and over 65 years of age compared 
to patients under 65 years of age (3.4% versus 2.6%; p=0.017).

First-line and initial AHSCT outcomes of the patients are 
represented in Table 4. Accordingly, the ratio of patients who 
received bortezomib treatment as the fi rst-line treatment and 
response distributions before AHSCT did not differ signifi cantly 
between patients at and over 65 years of age and patients under 
65 years of age (p>0.05). The ratio of patients who developed 
mucositis in AHSCT (65.5% versus 20.5%; p<0.001) and the 
ratio of patients who developed neutropenic fever (62.1% versus 
33.3%; p=0.027) were determined to be higher in patients at 

and over 65 years of age compared to patients under 65 years 
of age. The ratio of patients whose initial AHSCT response at 3 
months to 1 year was PR or less was determined to be higher in 
patients at and over 65 years of age compared to patients under 
65 years of age (p<0.05).

All of the patients with progression died. While mean 
survival time in patients at and over 65 years of age was 
80.4±5.3 months (95% CI: 69.9-90.8), mean survival time in 
patients under 65 years of age was 139.4±4.5 months (95% CI: 
130.6-148.2). While the 5-year survival rate in patients at and 
over 65 years of age was 76%, it was 95% in patients under 65 
years of age (log rank p=0.020) (Figure 1).

Table 1: Demographic fi ndings of study population according to age.

Variables
All population

n=68
<65 

n=39
≥65 

n=29
p

Age (year) 60.6±5.6 56.2±2.8 66.5±1.3 <0.001*

Gender, n(%)

Female 37(54.4) 20(51.3) 17(58.6)
0.626

Male 31(45.6) 19(48.7) 12(41.4)

Comorbidity

Hypertension 16(23.5) 6(15.4) 10(34.5) 0.083

COPD 7(10.3) 1(2.6) 6(20.7) 0.042*

Diabetes 5(7.4) 2(5.1) 3(10.3) 0.730

Kidney disease 6(8.8) 4(10.3) 2(6.9) 0.959

DVT 3(4.4) 2(5.1) 1(3.4) 0.976

Obesity 4(5.9) 2(5.1) 2(6.9) 0.983

Other 9(13.2) 6(15.4) 3(10.3) 0.807

Normally distributed numerical variables were shown as mean ± standard 
deviation.
Numerical variables that do not show normal distribution were shown with median 
(min-max).
Categorical variables were shown as number (%).
* p <0.05 shows statistical signifi cance.
Abbreviations: COPD: Chronic obstructive pulmonary disease, DVT: Deep vein 
thrombosis

Table 2: Laboratory fi ndings of study population according to age.

Variables
All population

n=68
<65 

n=39
≥65

n=29
p

Light chain type

(-) - - -

0.537
Kappa 32(47.1) 20(51.3) 12(41.4)

Lambda 35(51.5) 18(46.2) 17(58.6)

Non secretory 1(1.5) 1(2.6) -

Heavy chain type

(-) 19(27.9) 10(25.6) 9(31.0)

0.878
Ig-G 38(55.9) 23(59.0) 15(51.7)

Ig-A 10(14.7) 5(12.8) 5(17.2)

Non secretory 1(1.5) 1(2.6) 0(.0)

ISS

1 16(23.5) 13(33.3) 3(10.3)

0.0822 24(35.3) 12(30.8) 12(41.4)

3 28(41.2) 14(35.9) 14(48.3)

DS

1 12(17.6) 7(17.9) 5(17.2)

0.9282 9(13.2) 6(15.4) 3(10.3)

3 47(69.1) 26(66.7) 21(72.4)

Beta 2 microglobulin 4.3(1.3-110.6) 4(1.3-110.6) 5.1(2.7-30.9) 0.039*

Albumin 3.6(1.9-43) 3.7(2.2-34) 3.6(1.9-43) 0.691

ESR 68(2-122) 64(4-122) 72(2-114) 0.539

Creatinine 1(0.4-10.1) 0.9(0.4-10.1) 1.1(0.6-8) 0.619

Total protein 8(4.7-15.8) 8(4.7-13.4) 8(4.7-15.8) 0.633

Calcium 9.7±1.3 9.7±1.4 9.7±1.1 0.994

Hemoglobin 10.5±2.3 11.1±2.3 9.8±2.0 0.013*

BM aspiration 40(0-100) 30(0-90) 40(6-100) 0.255

BM biopsy 50(3-100) 50(3-90) 50(3-100) 0.132

Lithic lesion 39(57.4) 24(61.5) 15(51.7) 0.464

IgG 1265(124-9780) 1270(124-9314) 1162(223-9780) 0.862

IgA 77.5(6.5-8431) 89(9-7093) 55(6.5-8431) 0.483

IgM 36(5-151) 37(5-151) 34(5-96) 0.352

Normally distributed numerical variables were shown as mean ± standard 
deviation.
Numerical variables that do not show normal distribution were shown with median 
(min-max).
Categorical variables were shown as number (%).
* p <0.05 shows statistical signifi cance.
Abbreviations: ESR: Erythrocyte sedimentation rate, ISS: international staging 
system, DS: durie-salmon, BM: Bone marrow,
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Discussion 

The success of recently emerged treatments for MM has 
brought into question AHSCT’s application in advanced age 
patients with MM. Advanced age poses a problem not only 
for transplantation but also for intensive chemotherapies. 
Our objective in this study was the retrospective evaluation 
of whether the successful transplantation outcomes known 
in younger patients are similarly successful in patients over 
65 years of age despite transplantation regimens applied with 
lower doses and with the complications for patients over 65 
years of age taken into consideration. 

In our study, stage, sex, and response rate to induction 
chemotherapy of both groups were observed to be similar. Age 
and sex distributions in our study showed parallelism with 
outcomes of transplantation studies involving patients with 
MM in this age group (median age: 52 and 67 years) [12].

The Durie-Salmon (DS) and International Staging System 
(ISS) scores, which are other factors that may infl uence 
treatment-transplantation outcome, were similar in both 
groups. Pre-transplantation beta-2 microglobulin level was 
determined to be higher in patients over 65 years of age. In 
other similar studies, beta-2 microglobulin levels have been 
determined to be higher in older populations [13]. It was 
thought that this elevation may be associated with decreased 
creatinine clearance in patients over 65 years of age. 

In studies on MM, confi rmed presence of a cytogenetic 
anomaly has been defi ned as a poor prognostic marker [14]. 
In studies of older MM patients, the incidence of cytogenetic 
anomalies has been determined to be higher, and this was 
associated with the differences in treatments that patients 
had previously received [15]. Also in our study, the presence 
of cytogenetic anomalies was determined to be more common 
among patients over 65 years of age. However, the patients 
in our study were only those who had received induction 
treatment and those whose response rates were similar for 
both groups. Furthermore, it was thought that, independently 
of the treatment, the presence of cytogenetic anomalies in 
high rates that was determined with advancing age may have 

contributed to unfavorable post-transplantation outcomes in 
this age group. 

Although in the IFM 99-0 study, which compared 
transplantation treatments with melphalan-prednisolone-

Table 3: Clinical charecteristics fi ndings of study population.

 Variables
All population

n=68
<65  

n=39
≥65  

n=29
p

Plasmacytoma 20(29.4) 14(35.9) 6(20.7) 0.192

Patients receiving radiotherapy 22(32.4) 13(33.3) 9(31.0) 0.986

Cytogenetic anomaly

Not done 32(47.1) 18(46.2) 14(48.3)

0.036*Negative 27(39.7) 19(48.7) 8(27.6)

Pozitive 9(13.2) 2(5.1) 7(24.1)

17 p deletion 1(1.5) - 1(3.4)

0.017*
13q deletion 5(7.4) - 5(17.2)

T (4;14) 1(1.5) - 1(3.4)

Complex 2(2.9) 1(2.6) 1(3.4)

Categorical variables were shown as number (%).
* p <0.05 shows statistical signifi cance.

Table 4: Patients' fi rst step and fi rst ABMT fi ndings.

Variables 
All population <65 ≥65  

p
n=68 n=39 n=29

1. Step     

Patients receiving bortezomib   
therapy

46(67.6) 27(69.2) 19(65.5) 0.797

1 .Step treatment

VAD 22(32.4) 12(30.8) 10(34.5)

0.990VCD 24(35.3) 14(35.9) 10(34.5)

VAD+VCD 22(32.4) 13(33.3) 9(31.0)

Response to before AHSCT

CR 22(32.4) 13(33.3) 9(31.0)

0.159VGPR 19(28.4) 14(36.8) 5(17.2)

PR 27(40.3) 12(31.6) 15(51.7)

Response to after AHSCT

CR- VGPR 41(60.3) 27(69.2) 14(48.3) 0.132

PR 27(40.3) 12(31.6) 15(51.7)

First ABMT 

Mucositis 27(39.7) 8(20.5) 19(65.5) <0.001*

Neutropenic fever 31(45.6) 13(33.3) 18(62.1) 0.027*

Response 

3 months

CR 40(58.8) 24(61.5) 16(55.2)

0.026*VGPR 18(26.5) 13(33.3) 5(17.2)

PR 10(14.7) 2(5.1) 8(27.6)

SD - - -

3 months

CR- VGPR 58(85.3) 37(94.9) 21(72.4)
0.025*

PR 10(14.7) 2(5.1) 8(27.6)

6 months

CR 35(51.5) 21(53.8) 14(48.3)

0.035*
VGPR 21(30.9) 15(38.5) 6(20.7)

PR 12(17.6) 3(7.7) 9(31.0)

SD - - -

6 months

CR- VGPR 56(82.4) 36(92.3) 20(69.0)
0.022*

PR-SD 12(17.6) 3(7.7) 9(31.0)

1 year

CR 33(48.5) 20(51.3) 13(44.8)

0.008*

VGPR 19(27.9) 14(35.9) 5(17.2)

PR 14(20.6) 3(7.7) 11(37.9)

SD 2(2.9) 2(5.1) -

Progression -

1 year

CR- VGPR 52(76.5) 34(87.2) 18(62.1)
0.022*

PR-SD- Progression 16(23.5) 5(12.8) 11(37.9)

Categorical variables were shown as number (%).* p <0.05 showsstatistical 
signifi cance.
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Figure 1: Survival time according to age groups.

thalidomide (MPT) versus moderate-dose melphalan in patients 
with MM aged between 65 and 75 years, MPT was shown to be 
superior [16], many studies other than that one emphasized 
that AHSCT is superior in this age group [17,18]. However, 
the cut-off value for age range was taken as 65-70 years in 
studies emphasizing that AHSCT was superior [19,20]. In the 
study conducted by Palumbo et al., [20,21], in which AHSCT 
was compared with conventional chemotherapies, contrary to 
what is commonly believed, the superiority of AHSCT applied 
with low-dose melphalan (100 mg) compared to conventional 
chemotherapies in younger and older patients (mean: 54-64 
years) was emphasized. Outcomes of this study demonstrate 
that the clinical benefi t and the acceptable adverse effects 
obtained with AHSCT are superior compared to conventional 
chemotherapies [21]. In many studies in which melphalan was 
administered at a dose of 140 mg, less toxicity was encountered 
compared to 200 mg. In our study, the patients received 140 
mg of melphalan and our outcomes showed parallelism with 
those of other studies. In addition to this, although dose of 
melphalan was decreased during the phase of transplantation 
in older patients, neutropenic fever and mucositis were more 
commonly seen compared to the younger age group. This high 
rate, which was determined despite the reduction of the dose 
of melphalan, was thought to be associated with the high 
comorbidity rate (such as COPD) of the patients over 65 years 
of age in addition to age. In conclusion, 140 mg of melphalan 
has less toxicity compared to 200 mg in the advanced age MM 
patient group, and transplantation outcomes were obtained 
similar to those with 200 mg of melphalan, as well [22]. In our 
study, response rates below partial remission were determined 
to be more common among the patients over 65 years of age in 
a 1-year response evaluation that was performed at 3-month 
intervals. 

According to analysis of international bone marrow 
transplantation data, 2-year survival was reported to be 84% 
for all patients [19]. In our study, survival analysis results were 
determined to be superior to those of other studies. We suggest 
that the fact that the mean age of our advanced age patients 
was 66 years contributed to this situation. Furthermore, 
initial 1-year response evaluations of the older age group were 

determined to be unfavorable compared to the other group. This 
situation was thought to be associated with the unfavorable 
cytogenetic markers the patients had and the lower dose of 
melphalan administered. 

Limitations of this study are determined to be inclusion 
of only patients aged between 65 and 70 for the advanced 
age group, the lack of a patient group to be compared with 
conventional chemotherapies, being a retrospective study, the 
limited number of patients, and having data obtained from a 
single center. 

In conclusion, AHSCT is still seen as an effective treatment 
option for patients with MM over 65 years of age. However, 
studies that are prospective and multi-center, with larger 
numbers of patients and comparisons of AHSCT with newly 
emerged agents and targeted agents, are needed for this 
patient group.
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