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Abstract There is paucity of data from developing coun-
tries on the clinical outcomes in myeloma post-autologous
transplantation. In this retrospective study, we used hos-
pital records to retrieve data of patients with multiple
myeloma undergoing autologous stem cell transplantation
(ASCT) from January 1995 to December 2014 at our
centre. During the study period, 245 patients underwent
ASCT for myeloma. Of these, 19%, 37% and 37% were in
complete response, very good partial response and partial
response respectively at the time of ASCT. Only in 14
(5.7%) patients, the stem cells were cryopreserved. The
transplant related mortality was 2.86%. The median follow
up was 40.7 months (range 0-237.4 months). The 5-year
overall survival (OS) and progression-free survival (PFS)
for the entire cohort was 61.6% = 3.8% and 37.2% + 3.9%
respectively. Independent predictors of OS included
mononuclear cell dose infused, pre- and post-transplant
response; and the use of maintenance therapy. Independent
predictors of PES included age at diagnosis, pre- and post-
transplant response; and the use of maintenance therapy. In
a resource limited setting, ASCT for myeloma is associated
with low transplant related mortality. Pre- and post-trans-
plant response and maintenance therapy are predictors of
survival.
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Introduction

Multiple myeloma is characterized by clonal proliferation
of malignant plasma cells in the bone marrow, monoclonal
protein in blood or urine and associated organ dysfunction
[1]. It accounts for 13% of hematologic malignancies with
an annual age-adjusted incidence of 5.6 cases per 100,000
persons [2].

The current standard of care for transplant eligible
patients with myeloma is 4-6 cycles of bortezomib based
induction with three drugs which induces response in
80-90% patients, followed by autologous stem cell trans-
plantation (ASCT). The survival in patients with myeloma
has at least doubled over the last decade however most
patients eventually relapse [3].

A meta-analysis comparing ASCT with conventional
therapy showed significant benefit with ASCT in terms of
event-free survival but no benefit in terms of overall sur-
vival [4]. Hence ASCT constitutes the present standard of
care for eligible patients.

The challenges in developing countries like access to
novel agents, access to facilities for stem cell cryopreser-
vation, disparities in economy and health care infrastruc-
ture necessitate a region specific approach to treatment [5].

There is limited data from developing countries on the
outcome of ASCT in myeloma to guide such an approach.
From India, data is available from three large centres [6—8]
showing promising long-term outcomes in patients with
myeloma undergoing ASCT with pre- and post-transplant
responses being predictive of survival. Hence we decided
to undertake a retrospective analysis of patients with
myeloma who underwent autologous transplantation at our
institution over a 20 year period.
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Methods

We conducted a retrospective analysis of patients under-
going ASCT for myeloma at our centre from January 1995
to December 2014. This study was approved by the insti-
tutional review board. Hospital records were used to
retrieve the data.

Mobilization strategy used was GCSF 5 microgram per
kg per dose twice daily for 4 days following which on the
5th day after the morning dose of GCSF, patients under-
went peripheral blood stem cell (PBSC) apheresis using
COBE spectra auto PBSC system (Terumo BCT, USA).
The target cell dose was 2 x 10%/kg. Patients not achieving
the target cell dose were continued on GCSF and under-
went apheresis on the subsequent day as well. After
apheresis, the PBSC were stored at 4 °C in a blood bank
refrigerator up to 72 h. Whenever adequate cell dose was
not achieved with 2 days of apheresis, the PBSC product
was cryopreserved and patients underwent another session
of mobilization.

The conditioning regimen used was single agent mel-
phalan. In patients with normal renal function, 12 h post
melphalan infusion, the entire PBSC product was infused
using infusion sets without filters (JMS, Singapore) or
regular blood transfusion sets (Terumo Penpol, India). In
patients with renal dysfunction, the infusion of PBSC was
done 24 h after melphalan. GCSF was routinely started
post-transplant to hasten engraftment as per physician
discretion. No antibacterial, antifungal or antiviral pro-
phylaxis was used during the study period.

Neutrophil engraftment was defined as the 1st of 3 con-
secutive  days  with  absolute  neutrophil count
(ANC) > 0.5 x 10°/L. Platelet engraftment was defined as
the 1st of 3 consecutive days with platelet count > 20 x 10%/
L without platelet transfusions for at least 7 days.

Patients who had progressive disease (defined as per the
International Myeloma Working group uniform response
criteria 2009) [9] at last follow up and subsequently had no
follow up for the last 1 year were considered as expired at
the time of last contact. Patients with complete response
(CR) or very good partial response (VGPR) at last follow
up and having no follow up for the last 1 year were cen-
sored as alive at the time of last contact. Survival analysis
and Cox regression analysis were used to analyze the data.
Analysis was performed using IBM SPSS software.

Results
Between January 1995 and December 2014, 245 patients

underwent ASCT for myeloma at our centre. Table 1
describes the transplant characteristics. The median age
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was 51 years (range 23-68); 69% were males. The median
International staging system (ISS) stage at diagnosis was II
(range I-III). The median time from diagnosis to ASCT
was 10.5 months (range 3.9-113.4). Ninety-six (39.2%)
patients underwent ASCT beyond 12 months of diagnosis.
Prior to ASCT, about 52%, 35% and 10% patients had
received one, two and three lines of chemotherapies
respectively. About 19%, 37% and 37% were in complete
response (CR), very good partial response (VGPR) and
partial response (PR) respectively at the time of ASCT.

The initial mobilization strategy was GCSF alone in 243
patients (99.2%) and upfront cyclophosphamide mobiliza-
tion was done for 2 patients (0.8%). Both patients who
underwent upfront cyclophosphamide mobilization had an
adequate cell dose collection and underwent transplant
with a non-cryopreserved graft.

Among the remaining 243 patients who underwent
mobilization with GCSF alone, adequate cell dose was
collected in 228 patients. Among these 228 patients with
adequate cell dose collection, 224 patients underwent
transplant using non-cryopreserved grafts. The stem cell
product was cryopreserved for 4 patients despite adequate
cell dose collection (1—developed hypoxemia during
melphalan infusion, 1—patient with seizure disorder
developed breakthrough seizure on 2nd day of stem cell
harvest, 1—developed fever with left lower lobe consoli-
dation after the stem cell harvest, —reason not mentioned
in hospital records).

Of the 15 patients who failed initial GCSF mobilization,
5 underwent another session of GCSF mobilization, 1
patient underwent mobilization with GCSF and plerixafor,
8 patients underwent mobilization with cyclophosphamide
and 1 required cyclophosphamide along with plerixafor.
Amongst these patients, only the freshly collected stem cell
product from the second session of mobilization was used
for the transplant in 5 patients while for the remaining 10
patients both the fresh product from second session of
mobilization along with the cryopreserved product from
the first session of mobilization was infused.

Cryopreserved graft was infused in a total of 14 (5.7%)
patients. The number of days of the harvest was 1 in 94
patients (38.4%), 2 in 141 patients (57.6%), 3 in 3 patients
(1.2%) and 4 in 7 patients (2.8%).

The dose of melphalan used in mg/m* was 200, 180 and
140 in 171 (69.8%), 47 (19.2%) and 23 (9.4%) patients
respectively. Patients were started on GCSF after ASCT.
The day of starting GCSF was commonly between day 5
and 7 (day 7 in 148 patients, 60.4%; day 6 in 35 patients,
14.3%; day 5 in 37 patients; 15.1%). The median time to
neutrophil engraftment was 12 days (range 9-22) while the
median time to platelet engraftment was 17 days (range
10-44).
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Table 1 Transplant characteristics

Characteristic

Median (range) or Number (%)

Age (in years)

Male (sex)

ISS (International Staging System) stage (n = 134)

1

2

3

Number of chemotherapy regimen before autologous transplantation (n = 244)

2
3
4
5
Drugs used during induction (n = 244)
Novel agents (bortezomib or lenalidomide)
Time from diagnosis to transplantation (in months)
Response post induction chemotherapy (n = 239)
Complete response (CR)
Very good partial response (VGPR)
Partial response (PR)
Stable disease (SD)
Progressive disease (PD)
Mononuclear cell dose (x 108/kg)
CD34 cell dose (x 106/kg)
Platelet rich concentrate transfusions
Packed red cell concentrate transfusions
Fresh frozen plasma transfusions
Primary engraftment failure
Death during peri-transplantation period
Cause of death
Invasive fungal infection
Intracranial bleed
Sepsis
Post transplantation response at day 100 (n = 216)
Complete response (CR)
Very good partial response (VGPR)
Partial response (PR)
Stable disease (SD)
Progressive disease (PD)
Maintenance therapy (n = 216)
Interferon (£ melphalan)
Thalidomide
Lenalidomide
Bortezomib
Cyclophosphamide and dexamethasone

Duration of maintenance (in months)

51 (23-68)
169 (69)

2 (1-3)

41 (30.6)
47 (35.07)
46 (34.33)
1 (1-5)
127 (52.05)
85 (34.84)
24 (9.84)
7 (2.86)
1(0.4)

128 (52.46)
10.5 (3.9-113.4)

46 (19.25)
88 (36.82)

89 (37.24)

10 (4.18)

6 (2.51)

4.99 (0.96-19.64)
4.57 (1.15-23.7)
10 (0-78)

1 (0-11)

0 (0-20)

1 (0.44)

7 (2.86)

94 (43.52)
86 (39.81)
24 (11.11)

3 (1.39)

9 (4.17)

152 (70.37)
19

66

59

6

2

14.5 (1-120)
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Mucositis (data available for 216 patients) was grade 2
or less in 77 (35.65%) patients while 139 (64.35%) patients
had grade 3 or 4 mucositis. Six (2.45%) patients required
dialysis, 6 (2.45%) had seizures, 5 (2.04%) had metabolic
encephalopathy, 15 (6.12%) required admission into
intensive care unit, 13 (5.31%) required inotropic support,
5 (2.04%) had cardiac arrhythmias and 7 (2.86%) required
mechanical ventilation.

Infectious  complications: Twenty-eight (11.43%)
patients had positive blood cultures, of which 13 were
positive for gram positive organisms (2—Staphylococcus
aureus, 11—coagulase negative Staphylococcus), 9 for
gram negative organisms (1—carbapenem resistant Kleb-
siella, 2—Klebsiella, 4—non-fermenting gram negative
bacillus, 2—Pseudomonas) while 6 for Candida. Fourteen
(5.71%) patients had positive cultures from samples other
than blood, of which 7 were positive for gram negative
organisms, 5 for gram positive organisms and 2 for fungi.
Eleven (4.49%) patients had invasive fungal infection (7—
fungal infection of which 6 had candidemia and 1 had
pneumocystis jiroveci pneumonia, l—probable fungal
pneumonia, 3—possible fungal pneumonia). Four had
cytomegalovirus (CMV) disease and another 5 had CMV
reactivation requiring treatment.

Day 100 response: Of the 245 patients who underwent
ASCT, 7 expired early post transplant at a median of
20 days (range 0-53). The cause of death was intracranial
bleed in 2 patients, sepsis in 1 patient and invasive fungal
infection in 4 patients of which 2 had candidal sepsis and 2
had fungal pneumonia. One patient had primary engraft-
ment failure (ANC < 0.5 x 10°/L on day 28 with a
hypocellular marrow) and was salvaged with an allogeneic
stem cell transplant using a HLA identical sibling donor.
Fourteen patients had no follow up after ASCT while 7
patients did not have response assessment done post ASCT.
Of the remaining 216 patients who were assessable at day
100, 43.5%, 39.8% and 11.1% were in CR, VGPR and PR
respectively. Maintenance therapy was given to 70.3%
patients for a median duration of 14 months (range 1-120).

OS and PFS: Table 2 shows the follow-up data of the
cohort. At a median follow up of 40.7 months, 81 patients
had died; of which 7 were attributed to TRM while another
5 died without disease progression (2—late infections, 1—
secondary myelodysplasia with sepsis, 1—ischemic heart
disease and 1—died in the immediate post-transplant per-
iod of an allogeneic transplant planned due to presence of
dell17p). The remaining 69 deaths were due to progressive
disease. Additionally, 17 patients had progressive disease
at last follow up.

Figure 1 show the OS and PFS of the cohort. The 5-year
OS and PFS for the entire cohort was 61.6% =+ 3.8% and
37.2% =+ 3.9% respectively.
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Predictors of OS: The factors independently predicting
the overall survival were remission status post-induction
[HR of 3.35; p 0.031 for any response vs. stable disease
(SD)/progressive disease (PD)], mononuclear cell dose
infused (HR 0.85; p 0.008), remission status post-transplant
(HR 29.59; p 0.000 for any response vs. PD) and mainte-
nance therapy (HR 1.75; p 0.037). (See Table 3).

Predictors of PFS: The factors independently predicting
progression free survival were age at diagnosis (HR 1.03;
p 0.027), remission status post-induction (HR 1.81; p 0.047
for any response vs. PR) (HR 3.90; p 0.004 for any
response vs. SD/PD), remission status post-transplant (HR
59.21; p 0.000 for any response vs. PD) and maintenance
therapy (HR 1.93; p 0.002) (see Table 3).

Discussion

In this study, we present retrospective data of patients who
underwent ASCT for myeloma at our centre over the last
20 years. Almost half of the patients did not receive novel
agents during induction therapy. About 39% patients were
transplanted beyond 1 year of diagnosis. Despite these
challenges, the transplant related mortality (TRM) was
2.86%. At a median follow up of 40 months, 50% patients
did not have disease progression. Also in 95% patients, the
stem cell product was infused after storage at 4 °C up to
3 days without the need for cryopreservation. The 5-year
OS and PFS for the entire cohort was 61.6% =+ 3.8% and
37.2% £ 3.9% respectively.

We noted that refractory disease post induction therapy
(stable disease or progressive disease pre-transplant), a low
mononuclear cell dose, progressive disease post transplant
and non-use of maintenance therapy were the factors
associated with worse overall survival on multivariate
analysis. Factors associated with worse progression free
survival were greater age at diagnosis, partial or lesser
response post induction therapy, progressive disease post
transplant and non-use of maintenance therapy.

Table 4 shows transplant data of patients with myeloma
from the present study along with other studies from India.
Previous reports from India [6—8] have shown that ASCT is
a safe and feasible option for eligible patients with mye-
loma in developing countries. Also, most of these trans-
plants have been done with freshly apheresed stem cell
grafts without cryopreservation; however unlike at our
centre, most have used prophylactic antifungals, antibiotics
and antivirals. The proportion of patients with positive
blood cultures (11.43%) and the transplant related mor-
tality was similar to studies wherein antimicrobial pro-
phylaxis was used [7]. Thus, routine antibacterial
prophylaxis does not seem to be necessary.
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Table 2 Survival and

. Characteristic
progression data on follow up

Median (range) or Number (%)

Status at last follow up (n = 225)

Death 81 (36)
Complete response (CR) 83 (36.89)
Very good partial response (VGPR) 22 (9.78)
Partial response (PR) 94
Stable disease (SD) 13 (5.78)
Progressive disease (PD) 17 (7.56)
Cause of death
Transplant related mortality (TRM) 7
Death in absence of disease progression
Late infectious complications 2
Myelodysplastic syndrome with sepsis 1
TRM during planned allotransplant 1
Ischemic heart disease 1
Progressive disease causing death 69
Progression at any time point (n = 225) 114 (50.67)
Salvaged with chemotherapy 28
Death 69
Alive with disease progression at last follow up 17
Type of progression (n = 114)
Biochemical 29 (25.44)
Biochemical followed by clinical 35 (30.7)
Clinical relapse 50 (43.86)

Duration of follow up (in months)

40.7 (0-237.4)

0.8

os

0.47

0.27

0.0 T T T

(] 24 48 72 96 120 144 168 192 216 24
Time (months)

0.8

0.6

PFS

0.4

0.2

0.0 T T 1

0 24 48 72 96 120 144
Time (months)

Fig. 1 Overall and progression free survival for the entire cohort (n = 245)

However, in the present study, the incidence of invasive
fungal infections was high (4.5%). We also noted that 9
patients required treatment of cytomegalovirus of which 7
had received bortezomib during induction. The rate of
fungal infections post autologous transplant varies from 1.2
to 10% [10-12]. Also it is known that prior use of

bortezomib is a risk factor for post-transplant symptomatic
CMYV reactivation [13].

Based on this data, we are now using antifungal pro-
phylaxis with fluconazole 400 mg per day till day 30 in all
patients undergoing autologous transplantation and
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Table 3 Predictors of overall and progression free survival

Predictors of overall survival

Characteristic

Univariate analysis (Cox regression
hazards ratio with 95% confidence
interval and p value)

Multivariate analysis (Cox
regression hazards ratio with 95%
confidence interval and p value)

HR 95%Cl p value HR 95%Cl p value
Remission status post-induction therapy (any response vs. SD/PD)  3.66 1.52-8.84 0.004 3.35 1.12-9.99 0.031
Mononuclear cell dose 0.90 0.82-0.99 0.028 0.85 0.76-0.96 0.008
Remission status post-transplant (any response vs. PD) 15.07 6.55-34.66 0.000 29.59 9.79-89.45 0.000
Maintenance therapy (maintenance vs. no maintenance) 1.86 1.19-2.93 0.007 1.75 1.04-2.96 0.037

Predictors of progression free survival

Characteristic

Univariate analysis (Cox regression
hazards ratio with 95% confidence
interval and p value)

Multivariate analysis (Cox
regression hazards ratio with 95%
confidence interval and p value)

HR 95%C1 p value HR 95%C1 p value
Age at diagnosis 1.03 1.01-1.05 0.019 1.03 1.00-1.06 0.027
Number of pre-transplant chemotherapy regimen 1.34 1.07-1.66 0.01 1.18 0.91-1.52 0.216
Remission status post-induction therapy (any response vs. PR) 1.73 1.01-2.97 0.046 1.81 1.01-3.27 0.047
Remission status post-induction therapy (any response vs. SD/PD)  3.22 1.55-6.71 0.002 3.90 1.55-9.78 0.004
Remission status post-transplant (any response vs. PR) 1.89 1.07-3.34 0.028 1.08 0.55-2.13 0.825
Remission status post-transplant (any response vs. PD) 5474  21.79-137.48  0.000 59.21  21.20-165.38  0.000
Maintenance therapy (maintenance vs. no maintenance) 1.83 1.27-2.65 0.001 1.93 1.27-2.93 0.003

antiviral prophylaxis with acyclovir 400 mg twice daily till
day 90 in all patients previously treated with bortezomib.

The predictors of survival in previous studies [6—8] have
been the pre-transplant remission status, pre-transplant PET-
CT response, presence of extramedullary disease, ISS stage,
Durie—Salmon stage, absolute lymphocyte count at diagno-
sis, serum albumin less than 3.5 g/dL, more than 2 lines of
induction therapy pre-transplant and post-transplant com-
plete response. Consistent with these findings, we noted that
pre-transplant remission status and post-transplant remission
status seem to be important predictors of survival.

Data from the European society for blood and marrow
transplantation registry shows that age, sex, calendar year
of transplantation, the disease duration prior to ASCT and
the remission status prior to ASCT are independent pre-
dictors of survival in patients with myeloma undergoing
ASCT [14]. Poor survival has also been reported with poor
performance status, IgA subtype, need for more than 1
pretransplant induction chemotherapy and resistant disease
prior to ASCT [15]. Similarly, we noted that age at diag-
nosis and remission status pre-transplant were predictors of
survival.

In our cohort, the use of maintenance therapy was
associated with improved overall and progression free
survival post-transplant. At present, maintenance therapy
post-transplant is considered as the standard of care [16].
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We also noted that a low mononuclear cell dose was
associated with worse overall survival. This has been
reported previously and is postulated to be due to aggres-
sive biology of the disease leading to poor stem cell
mobilization and also due to its association with greater
number of lines of chemotherapies used pre-transplant
[17].

Based on the present and previous studies (Table 4), the
pre-transplant response seems to be an important poten-
tially modifiable risk factor for survival in patients with
myeloma. However retrospective analysis suggests that,
although additional lines of therapy before autologous stem
cell transplantation may improve the response depth in
patients with less than a partial response, this does not
impact long-term survival [18].

Thus in patients with less than partial response post-
induction therapy, approaches like additional chemother-
apy pre-transplant or consolidation therapy post-transplant
need to be evaluated prospectively.

Conclusion
In a resource-limited setting, autologous stem cell trans-

plantation for myeloma is associated with low transplant
related mortality and good survival. Pre- and post-
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Table 4 Comparison of results of the present study with previous studies

Characteristic Present study Kumar et al. [6] Malhotra Gokarn et al. [8]
et al. [7]
N 245 225 94 85
Median age (years) 51 53 53 49
Males (%) 69 69 73.7 NR
Use of novel agents 52.5 56.9 > 80 > 75
(%)
Median time to 10.5 10 10.5 10.5
transplant (in
months)
Pretransplant 56 44 81 72
CR+VGPR (%)
Posttransplant 83 74 NR 73
CR+VGPR (%)
TRM (%) 2.86 7.2 3.19 NR
(ON] 5 year— 5 year—63.2% 76.7% at 3 year-91%
61.6 + 3.8% 6.5 years
PFS 5 year— 5 year-38.5% 55.8% at 3 year—58%
372 +3.9% 6.5 years
Factors associated Pre-ASCTR; Post-ASCTR; Alb; extramedullary NR Pre-ASCTR; extramedullary disease;
with OS/PFS Post-ASCTR; disease; ISS; Chemo; ALC; DSS negative PET-CT pre-transplant
M;

N number of patients, Pre-ASCTR remission status pretransplant, Post-ASCTR remission status post-transplant, Chemo number of lines of
pretransplant chemotherapies, M maintenance therapy, Alb serum albumin, ISS ISS stage, DSS Durie—Salmon stage, ALC absolute lymphocyte

count at diagnosis, NR not reported

transplant response and maintenance therapy are predictors
of survival after autologous transplantation for myeloma.
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