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Abstract

Background: Multiple Myeloma (MM) is characterized by the presence of clonal plasma cells. These often result
in complications including bone destruction, hypercalcemia, renal insufficiency, and anaemia. Induction with a
triplet or quadruplet regimen followed by autologous stem cell transplantation (ASCT) has been the standard of
care for transplant eligible patients to achieve durable remission.

Purpose: This is a retrospective analytical study to determine the outcome of Multiple Myeloma patients who
underwent ASCT in Ampang Hospital.

Materials and Methods: We included a 5-year cohort of patients transplanted from 1st July 2014 to 30th June
2019. Data were obtained through electronic medical records. Prognostic factors for progression-free survival
(PFS) and overall survival (OS) were analyzed using simple and multiple Cox proportional hazard regression
analysis. All analyses were done using software R version 3.6.2 with validated statistical packages.

Results: 139 patients were analyzed. The median age at transplant was 56 years old and 56.1% are males(n=78).
The most common subtype is IgG Kappa (n=67, 48.2%). Only 93 patients in which the International Staging Sys-
tem (ISS) could be determined, and among them, 33.3% of patients (n=31) have advanced stage Il disease. The
most common induction received before ASCT was a bortezomib based regimen and/or an immunomodulatory
(IMiD) based regimen. 63.3% of patients achieved at least a very good partial response (VGPR) before ASCT. Most
patients received myeloablative conditioning (MAC) (n=119, 85.6%). The mean cell dose is 3.68 X 10°/kg. The
median time to engraftment was 11 days for both platelet and absolute neutrophil count (ANC). With the
median follow-up of 17.3 (range, 6.2-33.4) months, the median OS and PFS were not reached. The 1-year and
2-year PFS were 75% (95% Cl 66-82%) and 52% (95% Cl 42-62%), respectively. The 1-year and 2-year OS were
82% (95% Cl 74-88%) and 70% (95% Cl 60-78%), respectively. 6 patients (4.3%) had transplant-related mortal-
ity (TRM). IgA subtype was found to adversely affect PFS. Maintenance therapy and the absence of renal impair-
ment was associated with better PFS and OS.

Discussion and Conclusions: Our study found that ASCT following induction treatment is safe and beneficial to
achieve a deeper remission status. In our study, the addition of maintenance therapy is associated with an
improved outcome in PFS and OS.
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that MM cases are preceded by a premalignant state of
monoclonal gammopathy of undetermined significance

Multiple myeloma (MM)is characterized by the malig- and smoldering multiple myeloma, for which the risk of
nant proliferation of clonal plasma cells. It is believed progression to MM is approximately 1% and 10% per

Introduction
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year, respectively'”. These clonal plasma cells often pro-
duce immunoglobulins (Ig), resulting in complications
that constitute the diagnostic criteria for MM, such as
anemia, bone destruction, renal impairment, and hyper-
calcemia®*. MM constitutes about 10% of all hematologi-
cal malignancies and generally affects the elderly popula-
tion with a median age of 66 years at diagnosis’. Various
staging systems have been established to assess tumor
burden and identify high-risk patients based on laboratory
markers and cytogenetic abnormalities™”.

Induction regimens, most commonly with a protea-
some inhibitor (PI), an immunomodulator (IMiD), ora
combination of both agents, followed by autologous stem
cell transplantation (ASCT) for eligible patients has been
the standard of care®. Following initial treatment, main-
tenance therapy may be given, especially for high-risk
patients®'!. Despite adequate treatment, the majority of
MM patients will relapse, and the outcomes of such
patients are poor'?. Novel therapies such as monoclonal
antibodies (e. g., daratumumab) are increasingly being
added in the frontline treatment and may improve the
outlook for these patients'*"*,

In Malaysia, data pertaining to the disease characteris-
tics of MM and long-term outcomes, especially for those
who have undergone ASCT, are nonexistent. Hence, a
retrospective analytical study on the demographic charac-
teristics and outcomes of transplanted MM patients in a
tertiary-level hospital with transplant facilities was car-
ried out to determine the demographic data, risk factors,
and outcomes. Understanding the risk factors for treat-
ment outcomes is important to improve the long-term
management of these patients.

Patients and Methods

Study design and population

A retrospective analytical study was conducted in a
Malaysian tertiary hospital performing hematopoietic
stem cell transplantation (HSCT). Our center is the main
referral center for ASCT. All patients who were diag-
nosed with MM and referred to the transplant unit for
ASCT within the period from July 1, 2014, to June 30,
2019, were recruited. Sociodemographic data, clinical
characteristics, complications, treatment regimens, and
outcomes were collected from the medical records using
a standardized data collection form. We included all
patients aged 18 years and above, and diagnosed with
MM, based on the International Myeloma Working
Group (IMWG) criteria®, and excluded patients with
solitary plasmacytoma without bone marrow involve-
ment. This study was registered with the National Medi-
cal Research Register Malaysia, and ethical approval was
obtained from the Medical Research and Ethics Commit-
tee, Ministry of Health Malaysia (NMRR-20-1332-

55374) . Written informed consent was obtained from all
participants in accordance with the Helsinki Declaration
of 1964, as revised in 2000 and 2008. for their participa-
tion in these studies.

Clinical, sociodemographic characteristics and
treatment outcomes

Demographic data, presenting symptoms, laboratory
investigations (including myeloma subtypes and cytoge-
netics), disease staging, treatment plans, and treatment
outcomes from patient records were reviewed. Patients
were staged according to the International Staging Sys-
tem (ISS), based on serum albumin and beta-2-micro-
globulin at diagnosis’.

Pre-transplant treatment modalities, including induc-
tion therapy and the number of cycles completed, were
recorded. Disease status upon completion of induction
and before ASCT were assessed based on IMWG uni-
form response criteria for multiple myeloma'®'’, and
these included complete response (CR), very good partial
response (VGPR), partial response (PR), stable disease
(SD), and progressive disease (PD) or refractory disease.

Transplant details, including conditioning regimen,
treatment-related mortality (TRM), post-transplant con-
solidation, and maintenance therapy, were collected as
well. The post-transplant response was assessed using
similar response criteria.

Overall survival (OS) was calculated using the time
taken from treatment initiation to death from any cause,
and progression-free survival (PFS) was calculated using
the time from treatment initiation to progression of the
disease (biochemical progression or myeloma-defining
event), death, or last contact.

Statistical Analysis

The statistical software R version 3.6.2 with validated
statistical packages was used to analyze all the collected
and extracted data. Descriptive statistics were used to
summarize the characteristics of patients. Categorical
data were expressed as frequencies and percentages, and
continuous data were expressed as means * standard
deviations. The normality of continuous variable data was
determined using a histogram method. The independent
student’s t-test was used to compare group means of con-
tinuous dependent variables for normally distributed data,
whereas the Mann-Whitney test was used if the normality
was not assumed.

The Kaplan-Meier method was used to estimate
median survival times, and the log-rank test at a 5% sig-
nificance level was used to test the equality of survival
between groups. Prognostic factors were identified using
simple and multiple Cox proportional hazard regression
analysis. All p-values were 2-sided and values<0.05
were considered statistically significant.
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Results

Sociodemographic data and clinical characteristics

139 patients with a median age of 56 years (range:
30-70) at transplantation were recruited. All patients were
deemed to have a good performance status, with Eastern
Cooperative Oncology Group status of either O or 1. The
majority were males (56.1%, n=78), with 57.6% being
Malay, followed by Chinese (28.8%) and Indian (12.2%),
reflective of the national ethnicity demographics in the
country'®,

Clinical presentations varied among these patients,
with the most common presentation being symptoms of
anemia (n=94, 67.6%) . The heavy chain subtype of IgG
represented the most common subtype (69%), whereas
kappa was the most common light chain (66.9%) . Sixty-
seven patients had a combination of both IgG and kappa.
The ISS could be determined for only 93 patients, and
among them, 33.3% (n=31) had stage Il disease. Out
of the 50 patients for whom cytogenetic data could be
obtained, 18% had high-risk cytogenetics of either
t(4:14), t(14:16), and/or deletion 17p, based on fluores-
cence in situ hybridization (FISH) studies and karyotyp-
ing. Detailed clinical and disease characteristics are illus-
trated in Table 1.

Treatment and outcome before ASCT

Table 1 includes the treatment and response outcome
before ASCT. The most common induction received
before ASCT was a bortezomib-based regimen (n= 55,
39.6%) and an IMiD-based regimen (n=36, 25.9%),
with 45 patients receiving a combination of both. Out of
the 132 patients for whom the post-induction remission
status was known, 68.2% (n=90) achieved either CR or
VGPR. 121 patients were transplanted following induction
treatment (CR1), whereas 18 patients were transplanted
after receiving a salvage treatment for relapsed/refrac-
tory disease (CR2). Among those who received salvage
treatment before transplant, 6 patients achieved CR, 1
achieved VGPR, and 6 achieved PR. Three patients had a
refractory disease and two had unknown disease status.

Transplant and post-transplant assessment

Most patients received myeloablative conditioning
(MAC) (n=119, 85.6%). The mean cell dose was
3.68 X 10°/kg. The median time to engraftment was 11
days for both platelet and absolute neutrophil count
(ANC). Eight patients had delayed platelet engraftment,
whereas one had delayed white cell engraftment. Six
patients (4.3%) exhibited TRM, five of them due to sep-
sis and one of unknown cause. One patient had a tandem
autologous and allogeneic stem cell transplant. The treat-
ment and transplant-related details are summarized in
Table 2.
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Table 1. Baseline clinical characteristics

Characteristics

Median age (years; Interquartile range) 56 (49-60)
n=139
n (o/o)
Age
<60 97 (69.8)
>60 42 (30.2)
Sex
Male 78 (56.1)
Female 61 (43.9)
National ethnicity
Malay 80 (57.6)
Chinese 40 (28.8)
Indian 17 (12.2)
Others 2 (1.4)
Clinical presentation
Hypercalcemia (calcium>2.75 mmol/L) 41 (29.5)
Renal impairment (creatinine>173 umol/L) 29 (20.9)
Anaemia (haemoglobin<100 g/L) 94 (67.6)
Bone lesions 68 (48.9)
Myeloma subtype
IgG 96 (69.0)
IgA 24 (17.3)
IgM 1 (0.7)
IgD 1 (0.7)
Light chain myeloma 13 (9.4)
Not available 4 (2.9)
Light chain subtype
Kappa 93 (66.9)
Lambda 44 (31.7)
Not available 2 (1.4)
International Staging System
Stage I 15 (10.8)
Stage I 47 (33.8)
Stage Il 31 (22.3)
Not available 46 (33.1)
High risk cytogenetics
Yes [t(4;14), t(14;16) and/or del 17p] 9 (8.5)
No 41 (29.5)
Not available 89 (64.0)

With a median follow-up of 17.3 (range: 6.2-33.4)
months, the median OS and PFS were not achieved. The
1- and 2-year PFS were 75% (95% CI 66-82%) and 52%
(95% CI 42-62%), respectively. The 1- and 2-year OS
were 82% (95% CI 74-88%) and 70% (95% CI 60-78%)
respectively (Figures 1 and 2). In multivariate analysis, the
IgA subtype was found to adversely affect the PFS, where-
as the presence of renal impairment significantly short-
ened both the PFS and OS. The use of maintenance therapy
was associated with better PFS and OS (Tables 3 and 4) .
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Table 2. Treatment and transplant outcomes

. n=139
Characteristics n (%)
Induction regimens
IMiD-based * 36 (25.9)
Bortezomib-based® 55 (39.6)
Combination IMiD and bortezomib © 45 (32.4)
Others (Melphalan-based or VAD) 3 (2.1)
Cycles completed before ASCT
4-6 cycles 102 (73.4)
More than 6 cycles (CR1 and CR2) 37 (26.6)
Disease status After Induction Before ASCT
CR 42 (30.2) 3 (30.9)
VGPR 48 (34.5) 5 (32.4)
PR 34 (24.5) 8 (27.3)
Refractory 8 (5.8) 5 (3.6)
Unknown 7 (5.0 8 (5.8)
Conditioning regimen
Myeloablative (MA)
High dose melphalan 200 mg/m? 82 (59.0)
High dose melphalan 140 mg/m? 37 (26.6)
Non-myeloablative (NMA)
High dose melphalan 100 mg/m? 20 (14.4)
Consolidation therapy
Yes 26 (18.7)
No 88 (63.3)
Unknown 25 (18.0)
Maintenance therapy
Thalidomide 26 (18.7)
Lenalidomide 5 (3.6)
Bortezomib 1 (0.7)
None 82 (59.0)
Unknown 25 (18.0)
Best treatment response post-ASCT
CR 59 (42.4)
VGPR 22 (15.8)
PR 8 (5.8)
Refractory/Relapse 6 (4.3)
Unknown 38 (27.3)
Transplant-related mortality (<30 days) 6 (4.3)

IMiD, Immunomodulatory agents; VAD, Vincristine/Adriamycin/Dexametha-
sone; CR, complete response; VGPR, very good partial response; PR, partial

response.

% CTD-Cyclophosphamide, thalidomide, dexamethasone

$

VCD-Bortezomib, cyclophosphamide, dexamethasone

@ VTD-Bortezomib, thalidomide, dexamethasone

Discussion

In our cross-sectional study, we analyzed the clinical
characteristics of transplant-eligible MM patients who
were either treated at our center or referred to us for
ASCT from other centers nationwide. MM is a malignant
clonal plasma cell disorder with a high risk of disease
relapse and progression following initial treatment. Novel
therapies such as daratumumab, a monoclonal antibody

against CD38, either as part of a three-drug or four-drug
regimen, have been found to have a better overall
response rate (ORR), and more importantly, a CR sta-
tus'*"!*. Nevertheless, there is a risk of relapse and pro-
gression, and these agents are viewed by many as addi-
tions to achieve a deeper remission before transplantation
rather than a replacement for it.

Novel therapies including chimeric antigen receptor-
engineered T cells (CART) targeting BCMA, CD138,
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Figure 2. Kaplan Meier curves showing the overall survival (OS)

Table 3. Prognostic factors for progression free survival (PFS) and overall survival (OS) using

simple Cox regression

. PFS oS
Variables
Crude HR (95% Cl) p-value Crude HR (95% CI) p-value

Age group

<60 years 1.0 1.0

=60 years 1.09 (0.61-1.95) 0.764 0.84 (0.39-1.84) 0.663
International staging system

Stage 1 1.0 1.0

Stage 2 0.76 (0.30-0.92) 0.567 0.89 (0.28-2.85) 0.842

Stage 3 2.03 (0.88-4.68) 0.098 1.52 (0.50-4.60) 0.455
Pre transplant status 0.287 0.168

CR 1.0 1.0

VGPR 0.95 (0.50-1.82) 0.880° 0.96 (0.40-2.29) 0.910°

PR 1.30 (0.69-2.44) 0.4162 1.52 (0.68-3.43) 0.311°

Refractory 2.35 (0.94-5.90) 0.069° 3.64 (1.24-10.72) 0.0192
Conditioning regimen 0.015 0.183

HDM 200 1.0 1.0

HDM 140 1.49 (0.84-261) 0.171° 0.93 (0.43-2.03) 0.859°

HDM 100 2.85 (1.46-5.59) 0.002? 2.16 (0.96-4.88) 0.063°
Myeloma subtype 0.285 0.328

IgG 1.0 1.0

IgA 1.39 (0.75-2.59) 0.298% 1.64 (0.77-3.50) 0.202°

Others 0.63 (0.25-1.59) 0.325° 0.68 (0.21-2.26) 0.533%
Renal impairment

No 1.0 1.0

Yes 1.51 (0.83-2.75) 0.191 2.19 (1.08-4.45) 0.042
Maintenance therapy

Yes 1.0 1.0

No 269 (1.36-5.35) 0.002 0.47 (0.19-1.15)  0.075

HR, hazard ratio.
@ Z statistic, Z test
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Tabled4. Prognostic factors for PFS and OS using Multiple Cox Regression

Variables - PFS - oS
Adjusted HR (95% CI)  p-value Adjusted HR (95% CI) p-value

Myeloma subtypes 0.061 — —

IgG 1.0

IgA 251 (1.23-5.12) 0.0122

Others 0.91 (0.35-2.33) 0.838°
Renal impairment

No 1.0 1.0

Yes 221 (1.12-4.36) 0.032 2.96 (1.31-6.66) 0.015
Maintenance therapy

No 1.0 1.0

Yes 0.32 (0.16-0.66) <0.001 0.36 (0.14-0.93) 0.022

HR, hazard ratio.
@ Z statistic, Z test

CS1 glycoprotein antigen (SLAMF?7), and light chains,
are in active development for the treatment of relapsed/
refractory MM and are anticipated to have a role in the
frontline setting'®. In many parts of the world, access to
such novel therapies is limited, and therefore, high-dose
therapy followed by ASCT as consolidation remains the
backbone of treatment™. In the current guideline recom-
mendations, newly diagnosed MM should be assessed for
eligibility for transplant, and if suitable, be spared from
stem cell-toxic regimens®®.

Initial treatment

Many options can be potentially used for initial ther-
apy for patients who are transplant-eligible. In countries
where access to novel therapies is limited, triplet agents
are commonly implemented. These include a PI-based
regimen (e. g., bortezomib and carfilzomib), an IMiD-
based regimen (e. g., thalidomide and lenalidomide), or
a combination of both together with steroids, making up
the triplet therapy. A prolonged initial therapy may impair
the ability for stem cell collection in a manner similar to
using a stem cell toxic agent’'. Hence, stem cell collec-
tions are generally performed after 4 cycles of initial
therapy at our center, keeping in mind the need to reduce
the burden of malignant plasma cells in the bone marrow.

In our cohort of patients, cyclophosphamide (C) was
often used with either bortezomib (Velcade®) or thalido-
mide (T) and dexamethasone (D), i.e., VCD or CTD.
Another common regimen used was the combination of
bortezomib and thalidomide, i. e., VTD (Table 1). The
choice of the initial induction therapy was mainly at the
discretion of the respective treating physician at each
treatment center, with considerations for individual dis-
ease characteristics, i. e., high-risk cytogenetics, comor-
bidities (e. g., renal impairment, thrombotic risks, and
peripheral neuropathy), and feasibility of outpatient vis-
its. One patient received melphalan as she was initially
deemed transplant-ineligible, but later had an improve-

ment in functional status, and hence, was transplanted
accordingly. We employed a granulocyte colony-stimu-
lating factor-primed peripheral blood stem cell collection
and chemotherapy mobilization for those who failed this
initial approach.

Timing and benefit of transplantation

After successful stem cell collection, many of our
patients were transplanted following an initial response to
treatment, either after recovery from stem cell collection
or after another 1-2 cycles of initial induction therapy.
Eighteen out of the 139 patients had their transplant
delayed after response to salvage treatment for relapsed
or refractory disease (CR2). In a randomized controlled
trial that evaluated early and delayed transplant (at the
time of relapse), early transplantation resulted in deeper
responses and improved PFS, but not better OS*. How-
ever, in this trial, more than 20% of the patients were not
transplanted mainly due to progression of the disease and
were deemed unfit for transplants, a common situation in
clinical practice. This may potentially deprive patients of
an opportunity for better disease control.

Achieving a good remission status following initial
therapy and transplant has been viewed as an important
predictor of disease progression and survival®. In our
study, we aimed to analyze pre-transplant remission sta-
tus to outline the value of a deep remission. There is a
trend towards poorer outcomes for PFS and OS in
patients who failed to achieve at least a VGPR status in
our study. However, our study failed to demonstrate a sta-
tistically significant benefit of PFS and OS for those
attaining CR over those achieving VGPR or PR. This is
likely due to a high number of unknown responses post-
transplant with a short median follow-up duration. The
greater number of patients who attained a CR post-trans-
plant (n=43, pre-transplant vs. n =59, post-transplant)
suggested the benefit of ASCT to render deeper remis-
sions. Our cohort had similar reported outcomes for
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transplanted patients and demonstrated a benefit in OS
compared to non-transplanted patients across all ISS stages’.

Transplantation measures and post-transplant
treatment

The standard conditioning regimen used for ASCT in
MM is melphalan at a dose of 200 mg/m?* (HDM 200).
This is based on the findings of French and Italian stud-
ies?*. In our cohort of patients, melphalan dose adjust-
ments were made for those with renal impairment at the
time of transplantation and elderly patients aged 65 years
and above, to 140 mg/m* (HDM 140), or 100 mg/m?
(HDM 100) if both risk factors were present. Based on
this approach, the median time to engraftment of 11 days
is reasonable. The TRM of 4.3% (n=6, 5 in HDM 200
and 1 in HDM 100) was higher compared to the results of
both these studies. Retrospectively, these patients had
multiple comorbidities, including diabetes mellitus,
hypertension, and chronic kidney disease, and were
deemed to be high-risk patients before ASCT. This sug-
gests that we need to adopt a better selection criterion for
transplant eligibility that can potentially reduce the TRM.

Maintenance therapy post-ASCT is common, espe-
cially for high-risk patients. IMiD agents such as thalido-
mide and lenalidomide are used in this setting'®**?%. Such
trials have demonstrated a survival benefit in terms of
PFS and/or OS, at the expense of adverse events and sec-
ondary malignancy. Similarly, in our study, the imple-
mentation of maintenance therapy did confer a 68%
reduction in the risk of progression and a 64% reduction
in the risk of mortality (Table 3). However, given the
small numbers of those on maintenance treatment (n=
32), further validation of this finding with a prospective
trial is required. Advanced-stage disease ISS Il was iden-
tified as a factor with a trend toward poorer PFS [crude
HR (95% CI), 2.03 (0.88-4.68) ] (P=0.098) and poorer
OS [crude HR (95% CI), 1.52 (0.50-4.60) ] (P =0.455)
when comparing patients with early-stage (stage I) disease
in univariate analysis. A larger patient cohort with longer
follow-up duration can potentially illustrate this significance.

Tandem transplants (double ASCT or autologous fol-
lowed by allogeneic) have been considered a strategy for
better disease remissions**’. We consider this approach
for young patients (< 40 years old) with high-risk disease
and allogeneic SCT if a suitable donor is identified. Our
only patient with a tandem transplant was a 33-year-old
gentleman with a revised International Staging System
(R-ISS) stage I, who underwent VCD induction ther-
apy. He received a reduced-intensity conditioning alloge-
neic transplantation (allo-HSCT) from a matched sibling
donor 4 months following recovery from ASCT. At the
time of writing, he remained in stringent complete
response (SCR) 2 years post allo-HSCT with mild chronic
graft-versus-host disease of the liver.
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This study is limited by its lack of comprehensive data
(e. g., revised ISS staging and treatment responses) and
its retrospective nature of analysis. Although the analysis
was conducted at a major transplant center in our country,
a comprehensive multicenter prospective study for the
entire nation will be beneficial. Nonetheless, our study
has provided an insight into the demographics of the MM
population in this region and highlighted the importance
and feasibility of ASCT as a consolidative treatment,
especially in a resource-limited setting.
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