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Abstract 

Background:  Multiple myeloma (MM) predominantly affects older patients; many of whom do not undergo autolo-
gous hematopoietic stem cell transplant (AHSCT) despite the associated survival benefits. This study was conceived 
to investigate the patterns of AHSCT among MM patients with due regard to their age and standardized fitness 
assessments.

Methods:  Fitness scores as per the hematopoietic stem cell transplant-comorbidity index (HSCT-CI) and risk scores 
as per the revised-myeloma comorbidity index (R-MCI) of MM patients treated between January 2017 and December 
2019 were analyzed to assess fitness for AHSCT. Proportions of patients who underwent AHSCT were calculated with 
regard to age and fitness for AHSCT.

Results:  Of the 81 eligible patient records with a median age of 62 years, the HSCT-CI classified 79.6% and 77.8% of 
patients aged ≤65 years and >65 years as AHSCT eligible (p 1). Using the R-MCI, 96.3% and 81.5% of patients aged 
≤65 years and >65 years, respectively, were classified as eligible for AHSCT (p 0.0381). Overall, patients aged ≤65 years 
underwent AHSCT with a greater frequency compared to those aged >65years (38.9 vs. 14.8%, p 0.0402). Irrespective 
of the age group, there was a statistically significant difference (p 0.0167) in terms of survival which favored those who 
underwent AHSCT.

Conclusions:  Both the HSCT-CI and the R-MCI revealed that nearly 80% of patients aged >65 years were fit enough 
to receive AHSCT. However, far fewer patients of this age group underwent AHSCT. We propose that the routine inclu-
sion of objective fitness assessment could ensure that fit older patients undergo AHSCT and thus do not miss out on 
the benefits of the same.
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Background
Continuous advances in therapy have rendered MM into 
a “chronic disease” in recent times, though a cure is still 
an aspirational goal. High-dose melphalan followed by 
autologous hematopoietic stem cell transplant (AHSCT) 
remains an important part of optimal myeloma manage-
ment [1]. A significant proportion of eligible MM patients 
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do not undergo a stem cell transplant with causes includ-
ing a lack of resources (especially in low-/middle-income 
countries) or a perceived lack of fitness (all around the 
world) [2–5].

Age is not to be regarded as the sole determinant of “fit-
ness” for an AHSCT. Indices such as the “Hematopoietic 
Stem Cell Transplantation comorbidity index” (HSCT-
CI) have been developed to be utilized as an objective 
guide to help in identifying fit patients for transplant 
[6]. There still appears to be a general bias against the 
older patient, and many do not undergo an AHSCT just 
based on age, without a formal fitness evaluation ever 
being done. Myeloma primarily is a disease of advanced 
age, and using “age” alone as a surrogate for fitness could 
unjustifiably disqualify a majority of MM patients from 
receiving an AHSCT [7–9].

The cost of transplant in a low- and middle-income 
country (LMIC) is often regarded as a major reason due 
to which a significant proportion of MM patients eligi-
ble for AHSCT fail to undergo the procedure. However, 
a bias against advanced age could also be contributory to 
the low rates of AHSCT among those eligible. This ret-
rospective study was conceived to evaluate the impact 
of age upon the patterns of AHSCT among myeloma 
patients.

Methods
The study was submitted to and approved by the insti-
tutional ethics committee. This retrospective study 
included all consecutive MM patients treated in the hos-
pitals affiliated with our institution from January 2017 to 
December 2019. The hospital records of these patients 
were utilized to collect data regarding age and pat-
terns of AHSCT. All patients who underwent AHSCT 
had received high-dose melphalan as the condition-
ing regimen. Stem cell mobilization was with granulo-
cyte colony-stimulating factor (G-CSF) (and plerixafor 
if required). All patients who underwent transplant had 
signed consent forms as part of the transplant-unit 
policy.

Data regarding fitness was collected for each patient 
as per the Hematopoietic Stem Cell Transplant-Comor-
bidity Index (HSCT-CI), Revised-Myeloma Comorbid-
ity Index (R-MCI), and the Charlson Comorbidity Index 
(CCI) [10, 11]. Data collected for HSCT-CI pertained to 
the presence, absence, and/or the severity of arrhythmia, 
cardiovascular comorbidity, inflammatory bowel dis-
ease, diabetes, cerebrovascular disease, psychiatric dis-
turbance, hepatic comorbidity, infection, rheumatologic 
comorbidity, peptic ulcer disease, renal comorbidity, pul-
monary comorbidity, prior history of solid tumors, heart 
valve disease, and the type of transplant (autologous ver-
sus allogeneic) as input parameters. The data collected 

for the R-MCI included information regarding creatinine 
clearance, pulmonary function, Karnofsky performance 
score, frailty, age in years, and cytogenetics as input 
parameters. For the CCI, data collected included age, his-
tory of myocardial infarction, congestive heart failure, 
peripheral vascular disease, cerebrovascular accident, 
dementia, chronic obstructive pulmonary disease, con-
nective tissue disease, peptic ulcer disease, liver disease, 
diabetes mellitus, hemiplegia, chronic kidney disease, 
solid tumors, leukemia, lymphoma, and the acquired 
immunodeficiency syndrome.

Scoring for each of these indices was performed as 
per the respective validated scoring systems [10, 11]. 
Patients with low risk (scores of 0–3) and intermediate 
risk (scores of 4–6) as per the R-MCI were regarded as 
“fit”, “intermediate-fit,” and “unfit,” respectively. Patients 
with HSCT-CI scores of 0, 1–2, and >2 were regarded as 
fit, intermediate-fit, and unfit, respectively. As regards 
the CCI, scores of 0, 1, and >1 were classified as fit, inter-
mediate fit, and unfit, respectively. In addition, descrip-
tive data was collected regarding whether patients were 
offered AHSCT and whether AHSCT was done.

Survival curves were compared using the log-rank test. 
Proportions were compared using Fisher’s exact test. All 
p values are two-tailed, with the significance cut-off set 
at <0.05. Data entry and charting were performed using 
Gnumeric (version 1.10), and the statistical analysis was 
performed using PSPP (version 1.4). Both software are 
free and open-source, available under the Gnu General 
Public License (GPLv3).

Results
A total of 81 patients (54 males and 27 females) with 
MM were treated in our institute from January 2017 to 
December 2019; the patient characteristics are repre-
sented in Table 1. Evaluation of hospital records revealed 
that the option of AHSCT was offered to 39 patients 
(48.1%) and not offered to 42 patients (51.9%). Among 
the 39 patients who were offered AHSCT, 25 patients 
underwent the procedure. The median age of the overall 
sample of 81 patients was 62 years, with 54 (66.7%) aged 
≤65 years and 27 (33.3%) aged >65 years. Those aged ≤65 
years were offered AHSCT more frequently than those 
aged >65 years (57.4% vs. 29.6%, p 0.0207). Those aged ≤ 
65 years underwent AHSCT more frequently than those 
aged > 65 years (38.9 vs. 14.8%, p 0.0402) (Fig. 1).

Both indices classified around four out of five (approxi-
mately 80%) MM patients as being AHSCT eligible, irre-
spective of the age group (Fig.  1). The R-MCI showed 
that more patients in the age group of ≤ 65 years were 
AHSCT eligible compared to those aged >65 years (96.3 
vs. 81.5%, p 0.0381). The HSCT-CI classified a similar 
proportion of patients aged ≤ 65 years and > 65 years as 
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AHSCT eligible (79.6 vs. 77.8%, p 1). The CCI classified 
75.3% (61) of overall patients, and all patients aged >65 
years as unfit for AHSCT. Further data analysis about the 
CCI was not performed.

The median duration of follow-up for the popula-
tion was 21 months. The median overall survival (OS) 
of patients who were offered AHSCT was greater than 
those who were not offered transplants (median OS 
not reached vs. 36 months; p 0.033). Of those who were 
offered a transplant 14 did not undergo the procedure for 
the following reasons: concern of toxicity (five), financial 
(three), and unknown reasons (six patients). When ana-
lyzing the outcome of those who did or did not receive 
AHSCT, transplanted patients had a significantly longer 

OS than those who did not undergo AHSCT (median OS 
not reached vs. 36 months; p 0.0023).

While the median OS of patients classified as fit and 
intermediate fit as per the HSCT-CI was not reached, 
the OS of those classified as unfit was significantly lower 
at 23 months (p 0.0362). In addition, the median OS of 
patients classified as low risk by the R-MCI was not 
reached, while the MS of those classified as intermediate 
risk and high risk was significantly lower at 36 months (p 
0.0253) (Fig. 2).

When the survival curves for those aged > 65 years 
versus those who were aged ≤ 65 years were compared, 
there was no significant difference in the survival (median 
OS not reached in both groups; p 0.0875) (Fig. 3). When 
the survival curves of four groups (aged > 65 years who 
underwent AHSCT, aged > 65 years who did not undergo 
AHSCT, aged ≤ 65 years who underwent AHSCT, and 
those aged ≤ 65 years who did not undergo AHSCT) 
were compared, there was a statistically significant differ-
ence favoring those who underwent AHSCT irrespective 
of the age group (p 0.0167) (Fig. 4).

Discussion
The continuous addition of novel agents has led to 
the emergence of questions regarding the relevance of 
AHSCT in the treatment of MM. But in contrast to pop-
ular perception, the morbidity, mortality, and societal 
costs from non-transplant therapies are not negligible. 
The Mayo Stratification of Myeloma and Risk Adapted 
Therapy (mSMART) consensus statement has described 
the concept of TwiSTT (time without symptoms, treat-
ment, and treatment toxicity). In addition to improv-
ing TwiSTT, AHSCT also spares the patient from the 

Table 1  Comparison of baseline characteristics, fitness patterns, 
and proportion of patients transplanted

Legend: HSCT-CI Hematopoietic Stem Cell Transplant Comorbidity Index, 
AHSCT autologous hematopoietic stem cell transplant, R-MCI Revised Myeloma 
Comorbidity Index

Age ≤65 years Age >65 years p value

Number of patients 54 27 -

Male to female ratio 1.84 2.37 0.43

Age range (in years) 38–65 66–79 -

Median age (in years) 55 72 -

Mean HSCT-CI score 1.3 1.6 0.34

AHSCT fit by HSCT-CI 79.6% 77.8% 1

Mean RMCI score 2.5 4.9 <0.001

AHSCT fit by R-MCI 96.3% 81.5% 0.038

Offered AHSCT 57.4% 29.6% 0.02

Percent Transplanted 38.9% 14.8% 0.04

Fig. 1  Among those aged >65 years, 81.5% and 77.8% were fit for autologous hematopoietic stem cell transplant (AHSCT) as per the 
Revised-Myeloma Comormibidity Index (R-MCI) & the Hematopoietic Stem Cell Transplant-Comorbidity Index (HSCT-CI), respectively. But only 
29.6% were offered AHSCT, and 14.8% underwent AHSCT. In comparison, 96.3% and 79.5% of patients aged up to 65 years were fit for AHSCT as per 
the R-MCI & the HSCT-CI, respectively. While 57.4% were offered AHSCT and 38.9% underwent AHSCT
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financial toxicity of newer novel agents which are cur-
rently more expensive than AHSCT [12–14].

Despite the valuable role of AHSCT in MM, it is rather 
a worldwide phenomenon that many transplant-eligible 

patients do not get the same. A study from Europe pool-
ing 1802 patients revealed that 68.9% of eligible MM 
patients received an AHSCT. Another study specific 
to Eastern and Central Europe pooling 522 patients 
reported that 55.1% of eligible MM patients received an 
AHSCT [15, 16]. In the Indian scenario, it was reported 
by Nair et al. that only 26% of transplant-eligible myeloma 
patients underwent the procedure. The study observed 
that the most common reasons for eligible patients not 
undergoing transplants were fear (47%) and financial rea-
sons (46%). The median age of patients who underwent 
transplants was lower than those who were not trans-
planted (52 years vs. 60 years) [17]. In comparison, 39.1% 
of the eligible MM patients in our series underwent an 
AHSCT, with the median age of transplanted patients in 
our series being lower compared to those who were not 
transplanted (53 years vs. 63 years). Another study from 
a major tertiary center in Southern India pooled 389 
patients, of which only 23 (5.9%) underwent an AHSCT 
[18]. Though the percentage of patients who underwent 

Fig. 2  Survival curves revealing significant differences as per the Hematopoietic Stem Cell Transplant Comorbidity Index (HSCT-CI) fitness scores (p 
0.0362) (A) & the Revised-Myeloma Comorbidity Index (R-MCI) risk scores (p 0.0253) (B)

Fig. 3  Survival curves for those aged up to and beyond 65 years of 
age. The median survival is not reached in both groups (p 0.0875)
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transplants in our patient population is higher compared 
to prior data from India, the use of AHSCT is still limited 
when compared to the west. Interestingly though nearly 
80% of patients aged more than 65 years were eligible for 
AHSCT only 14% of patients underwent the procedure. 
The common reasons implicated for poor transplant 
rates in the developing world include fear, poor afford-
ability, and lack of access. However, one needs to con-
sider physician bias about the tolerability of transplants 
in older patients. This bias was visible in our patient pop-
ulation. In the elderly patients though the majority were 
fit to undergo AHSCT only 29% of patients were offered 
the procedure. This bias may also stem from the limited 
inclusion of patients beyond 65 years old in clinical trials 
that studied AHSCT [19].

Frailty can be defined as a collective deterioration of 
multiple physical and physiological functions leading to 
a lower tolerance of stressors such as cancer and its treat-
ments [20, 21]. Determination of fitness or frailty is an 

important challenge, especially to decide upon the intent 
and intensity of treatment among elderly patients with 
malignancy. However, there is currently no universally 
accepted method of frailty assessment. As an example, 
a systematic review by Buta et al. identified 70 different 
methods to define frailty [22].

Our study highlights the use of standardized fitness 
assessment tools in elderly myeloma patients. Of the 
numerous available fitness assessment tools, the CCI, 
the R-MCI, and the HSCT-CI are often utilized in tri-
als involving MM patients. The International Myeloma 
Working Group (IMWG) frailty score was not used in 
our study since the same has not been validated for ret-
rospective use [23]. The CCI has indeed been the most 
studied comorbidity scale and has been widely used 
in various contexts (including situations not involv-
ing malignant disorders). Studies using the CCI have 
assigned fitness as fit, intermediate fit, and unfit for those 
with 0, 1–2, or >2 points. The CCI classified 75.3% of the 

Fig. 4  Significant difference (p 0.0023) in the survival curves of patients who underwent autologous hematopoietic stem cell transplant (AHSCT) 
and those who did not (A). Significant (p 0.0167) differences noted in the survival curves of patients aged above and up to 65 years of age, as per 
them having undergone AHSCT or not (B)
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overall patient population in our dataset as being unfit 
for AHSCT. This index classified all patients >65years 
years as being unfit. Also, published literature reveals a 
low predictive value of the CCI for patients aged more 
than 40 years. Thus, despite having collected data, no fur-
ther analysis was performed concerning CCI [10, 11, 24, 
25]. The R-MCI is a myeloma-specific index that consid-
ers pulmonary function, renal function, the Karnofsky 
Performance Status, frailty, age, and unfavorable cytoge-
netics as input parameters. The maximum overall score is 
9 points. Low, intermediate, and high risk are classified as 
per scores 0–3, 4–6, and 7–9, respectively. The maximum 
score for parameters such as renal function, lung func-
tion, frailty, and cytogenetics is 1 point each. However, 
the maximum score for Age and Karnofsky Performance 
status are 2 and 3 points, respectively. Thus, we hereby 
note that the R-MCI index is weighted in such a way 
that a patient with poor performance status and/or age 
>70 years could receive relatively higher R-MCI scores 
[26]. The HSCT-CI comprehensively comprises 17 dif-
ferent categories of organ dysfunction, but notably does 
not include age as an input parameter [27]. Nevertheless, 
in our series, both the HSCT-CI and the R-MCI demon-
strated that at least 4 out of 5 patients aged beyond 65 
years were AHSCT eligible. In our data set, the HSCT-CI 
classified a similar proportion of patients aged ≤ 65 years 
and > 65 years as transplant eligible, the R-MCI assigned 
a significantly lower number of patients aged ≤ 65 years 
as transplant-ineligible when compared to patients aged 
> 65 years. This could be attributed to the fact that the 
R-MCI considers age in years as an input parameter, 
assigning higher scores for those with advanced age.

The median age at diagnosis of MM is 54 years in India, 
which is a decade earlier compared to the West [28]. 
Most of the clinical trials utilizing AHSCT in myeloma 
have enrolled patients younger than 65 years of age. 
However, myeloma is mainly a disease of advanced age, 
and using a cut-off at 65 years would exclude a signifi-
cant proportion of patients from the potential benefits 
of AHSCT. The same bias against older patients contin-
ues beyond clinical trials, and we identify it as another 
significant reason for the low rates of AHSCT among 
eligible MM patients. Patient eligibility for AHSCT is 
ideally done based upon overall health status which can 
be judged by using standardized fitness assessment tools 
as shown in our study. In contrast to results described by 
us and similar studies in India, data from advanced coun-
tries in the west show a different trend. Analysis of both 
the EBMT (European blood and marrow transplantation) 
and the CIBMR (center for international blood and mar-
row research) registries have shown a constant increase 
in the use of AHSCT among patients 65 and older from 
1991 to 2010 [29, 30].

It has been reported that there was no difference in terms 
of treatment-related mortality (1%) for patients aged 60–65 
years versus those aged beyond 65 years [31]. It has been 
argued that patients up to 80 years could be considered for 
AHSCT provided eligibility. Another study with a median 
age of 72 years concluded that satisfactory results could be 
expected with melphalan at a dose of 140mg/m2 [32]. In 
our study, patients who underwent transplants had better 
survival compared to patients who were not transplanted 
irrespective of age. More importantly, none of the trans-
planted patients aged more than age 65 years had signifi-
cant morbidity or mortality due to transplant.

There has been a continued improvement in survival 
in MM with regard to early mortality and outcomes in 
older patients. Between 2001 and 2010, 1038 patients were 
grouped as two cohorts: those diagnosed between 2001 
and 2005 and those diagnosed between 2006 and 2010. It 
was observed that the median OS for the 2001–2005 group 
was 4.6 years and for the 2006–2010 group was 6.1 years. 
The investigators importantly remarked that the improve-
ment was primarily seen among patients over 65 years. 
The 6-year OS for those above 65 years of age was 31% and 
56% for those in 2001–2005 versus the 2006–2010 group 
[33]. In a multicenter retrospective collaborative study of 
the Japanese society of myeloma and the European Mye-
loma network, it was noted that AHSCT helped enhance 
outcomes in the elderly. It has been remarked that “trans-
plant eligibility” in itself is a prognostic factor [34] as seen 
in our study. Thus, it is safe to conclude that AHSCT is a 
safe and effective approach among fit, older patients with 
MM as seen in our study population, and transplant eligi-
bility itself was also prognostic in our study.

Ours is a retrospective study involving a heterogeneous 
population, and it was not possible to elucidate the possi-
ble impact upon OS by factors such as treatment-related 
mortality (TRM), relapse, comorbidities, differences in 
induction and maintenance treatments, socioeconomic 
background, and others.

We acknowledge that “financial unaffordability” is 
an important factor leading to the low rates of AHSCT 
among eligible MM patients [35]. Low rates of AHSCT in 
eligible populations may also be due to false physician per-
ception about patient fitness to undergo AHSCT as shown 
in our study.

Conclusions
While non-affordability is indeed a factor causing low 
rates of transplants worldwide, other factors such as a 
bias against advanced age do indeed contribute. We con-
clude by stressing the importance of utilizing objective 
fitness assessment in every patient with MM. This could 
ensure that every fit patient enjoys the benefit of AHSCT, 
irrespective of age.
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