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Abstract

Purpose: Autologous stem cell transplantation (ASCT) is an established therapy for many hematological diseases.
This study assessed the pattern of ASCTs at a tertiary care center and associated factors, including pre-harvest
CD34+ stem cell levels, leading to improved engraftment outcomes.
Methodology: A retrospective study was conducted in India, between February 2009-August 2020. Patients who
underwent ASCT for different hematological malignancies (n=65) were included, and the patients’ age, sex,
type and stage of disease, pre- and post-harvest CD34+ counts, and time to attain platelet/neutrophil engraft-
ment or febrile neutropenia were analyzed. The post-harvest CD34+ dose was calculated. Pre-conditioning was
performed using Granulocyte Colony Stimulating Factor (GCSF)±Plerixafor. Progression-free survival (PFS) was
calculated using relapse/death as the endpoint.
Results: The median age of the cohort (n=65) was 49 years, with a male preponderance. Multiple myeloma was
the most common malignancy (70.8% [46/65]), requiring ASCT. The median time to ASCT was 13 months. All pa-
tients had received GCSF, while Plerixafor was used in 17 patients with a pre-harvest CD34+ count of <10 cells/
μL. The median pre-harvest CD34+ concentration and post-harvest CD34+ cell dose was 27.54 cells/μL (n=26) and
5.23×106 cells/kg body weight (n=65), respectively. The median time to engraftment was 11 and 12 days, for
neutrophils and platelets, respectively. One patient did not engraft and was excluded from the analysis. The
time required to attain neutrophil engraftment was significantly lower (p=0.02) among freshly harvested stem
cells (n=48) than that of cryopreserved products (n=17). Platelet engraftment associated with CD34+ pre- and
post-harvest levels was not significant (p=0.06). The time to attain neutropenia and subsequent febrile neutro-
penia was significantly lower with an adequate post-harvest CD34+ dose (p=0.009). Febrile neutropenia was
seen in 83.1% (54/65) patients. The median time for febrile neutropenia was 4 days post-ASCT. Pre- and post-
harvest CD34+ concentrations were directly proportional to each other (p<0.001). The median PFS was 112
months (n=65). Survival was better in males (median PFS: 112 months) vs. females (median PFS: 59 months) (p=
0.27). Eight patients relapsed, and eight patients had died.
Conclusion: Although unrelated to age or sex, the post-harvest CD34+ dose was inversely related to febrile neu-
tropenia. As pre- and post-harvest CD34+ levels were directly proportional, pre-harvest CD34+ concentrations
may be reliably used to assess engraftment outcomes. Rapid neutrophil engraftment was noted in fresh stem
cells with PFS of 112 months, and was better among males, the exact reason being unknown. Thus, a larger
number of patients should be followed up to obtain an accurate picture.
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Introduction

Autologous stem cell transplantation (ASCT) is a
common treatment modality in which the patient’s own
healthy stem cells are used to replace the diseased stem
cells in the bone marrow. ASCT following intensive
chemotherapy has been used in patients with hemato-
logical malignancies, such as multiple myeloma (MM),
lymphoma, or solid tumors1.
In a 2012 survey conducted in Europe, ASCT ac-
counted for 58% of all hematopoietic stem cell trans-
plants (HSCT);2 most of which were performed for
plasma cell neoplasms (PCN), non-Hodgkin lymphoma
(NHL), Hodgkins lymphoma (HL), and autoimmune
disorders2, 3. Most ASCTs utilize peripheral blood in-
stead of bone marrow3. According to CIBMTR data (In-
dia also participated in the CIBMTR 2019 analysis),
ASCTs are more common (60%) than allogeneic stem
cell transplants (AlloSCT)4.
According to the CIBMTR study, the most common
cause of death after ASCT is the primary disease, both
before (37%) and after 100 days (78%)4. Infections
(29%) and organ failure (24%) were the other common
causes of death before 100 days post-ASCT4.
Various patient-and disease-related factors are associ-
ated with ASCT outcomes. The CD34+ cell dose pre-
transplantation is another decisive factor that depends
on the ASCT outcome. ASCT conducted with a CD34+
dose of 5×106 CD34+ cells/kg body weight leads to
rapid engraftment5. The earlier the engraftment and pa-
tient’s count recovery, the lesser will be the complica-
tions.
Very few studies have highlighted the importance of
pre-harvest CD34+ cell count with respect to early en-
graftment and count recovery. Pre-harvest CD34+
counts not only help in predicting the chances of early
engraftment, but also helps in reducing the use of ex-
pensive therapy with Plerixafor6.
Our study aimed to determine the pattern of ASCTs
at our tertiary care center and assess any associated fac-
tors leading to improved outcomes, including the im-
portance of pre-harvest CD34+ levels with outcomes on
engraftment.

Materials and Methods

Type and duration of study
A retrospective analysis of 65 patients from the
ASCT registry of NRS Medical College, a tertiary care
hospital in Kolkata, India, was conducted. The study
period lasted from February 2009 to August 2020 (11
years and 7 months).

Ethical clearance
All analyses were performed according to the ethical

standards of the institutional committee. The consent
waiver was obtained from the Ethics Committee due to
the retrospective nature of this study.

Inclusion criteria
All patients with the following disease conditions,

who underwent ASCT, were included in the study: PCN
[MM, plasma cell leukemia (PCL), and light chain
deposition disease (LCDD)]; relapsed/refractory HL;
NHL in 1st complete remission (CR), including mantle
cell lymphoma (MCL), peripheral T-cell lymphoma
(PTCL), anaplastic large cell lymphoma (ALCL), re-
lapsed/refractory NHL, such as diffuse large B-cell
lymphoma (DLBCL), acute lymphoblastic leukemia
(ALL) in CR2, acute myeloid leukemia (AML) in CR1,
and chronic myeloid leukemia (CML) in complete mo-
lecular remission. Only patients aged 65 years were
considered for ASCT and were included in the analysis.

Exclusion criteria
Patients with PCN who did not attain CR/VGPR

(very good partial remission), patients with follicular
lymphoma, DLBCL in CR1, HL in CR1, AML in CR2,
patients who refused ASCT, patients aged >65 years,
and patients with comorbidities, such as reduced ejec-
tion fraction, who were ineligible for ASCT, were ex-
cluded from the study.

Parameters tested and methodology
The age, sex, and co-morbidities of the patient, as

well as the type and stage of the primary disease, were
studied through a thorough history and clinical exami-
nation. The primary disease, pre-transplant chemother-
apy, remission status, transplant eligibility, and condi-
tioning regimens used for the patient were recorded.

Preconditioning
Patients received Inj. GCSF 300 mcg (@5 mcg/kg/

day) twice daily subcutaneously for 5 days, and 2mL of
EDTA blood was sent to measure the pre-harvest CD34
+ cell count on day 4 of GCSF. Plerixafor was adminis-
tered at a dose of 0.24 mg/kg (0.16 mg/kg in case of
renal impairment) 11 hours prior to stem cell harvest8.
However, its use was excluded if the pre-harvest CD34
+ count was >10 cells/μL7. Post-harvest, another CD34+
cell count was sent for in 2 mL of EDTA blood on day
5 of GCSF Inj.

CD34+ levels
The pre-harvest CD34+ cell count (cells/μL) and

post-harvest CD34+ cell dose (expressed as ×106 cells/
kg body weight) were measured from the peripheral
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blood and harvested product, respectively. The Ishage
protocol was used to calculate the CD34+ cell counts9.
The final CD34+ cell dose (measured as 106 cells/kg
body weight) was calculated from the total nucleated
cell count (TNC) (measured as cells/L) in the peripheral
blood/harvest product, as follows:
CD34+ cells per kg of patient weight (106/kg)=TNC

(per 109/L of product)×bag volume (mL)×viable
CD34 cells (%)/body weight (kg)
The cut-off for pre-harvest CD34+ cells was taken as
10 cells/μL based on established literature7. While pub-
lished literature suggests that post-harvest CD34+
counts of >2×106 cells/kg body weight are adequate
for engraftment, we used a cut-off of 5×106 cells/kg
body weight5, 10.

Conditioning
The regimens used were melphalan (Mel) 140-200
mg/m2 for PCN, busulphan-cytarabine (Bu-Cy) for
AML and CML, Fludarabine-Melphalan (Flu-Mel) for
AML or ALL, and BCNU etoposide cytarabine melpha-
lan (BEAM) for HL and NHL11, 12. Post conditioning,
stem cell infusion was performed. In cases of diseases
such as NHL, HL, or leukemia, stem cells were initially
preserved by cryopreservation and infused at a later
date13. Cryopreservation of stem cells was performed
using plasma, 5% albumin, and dimethyl sulfoxide
(DMSO).

Post-stem cell infusion
The other parameters studied were post-transplant
time to attain neutrophil engraftment, post-transplant
time to attain platelet engraftment, post-transplant com-
plications, such as febrile neutropenia, and post-
transplant delay in engraftment, measured by days of
hospital stay14.
Post infusion, the time for engraftment, assessed by
absolute neutrophil count (ANC) 500/mm3 for 3 con-
secutive days and platelet count 20,000/μL for 3 con-
secutive days (without platelet transfusion for 7 con-
secutive days), were calculated by analyzing an EDTA
blood sample in a Sysmex XP-200 cell counter and a
peripheral blood smear stained with Leishman stain.
Delayed engraftment (DE) was defined as platelets
<50,000/mL or ANC 150-1,000/dL calculated at 30
days after stem cell infusion15. The total number of days
of hospital stay was also assessed14, 15.
Progression-free survival (PFS) was calculated as the
endpoint of relapse or death.

Statistical analysis
The data from the CRF were transcribed into an Ex-
cel database and analyzed using R statistical software
(Language) version 3.6.3 and R Studio version 1.0.136

(R foundation). Measures such as mean, median, stan-
dard deviation, and range were calculated for continu-
ous variables. Kaplan-Meier survival analysis was per-
formed using R Package ’survival’ and ’survminer’. The
log-rank test was used to test the null hypothesis that
there was no difference between the populations in the
probability of an event (death or relapse). Differences
between the two groups for numerical variables were
analyzed using the Wilcoxon rank-sum test for non-
parametric distribution. The level of significance was
set at 5% for all the comparisons.

Results

Of the 65 patients who underwent ASCT, patients
with MM were the most common (70.8%, 46/65), fol-
lowed by those with HL (10.8%, 7/65). The median age
of our patient population was 49 years (range: 7-65
yrs), with a male: female ratio of 1.9:1. Few patients
were initially diagnosed as long ago as 2001 (range:
2001-2019). The median time to ASCT was 13 months
(range: 2-189 months). The individual distributions of
diseases are shown in Table 1.
Patients with PCN were treated with Thal-Dex/VCD/

VTD/CTD regimens (Thal-Dex=thalidomide-dexame-
thasone, VCD=bortezomib cyclophosphamide dex-
amethasone, VTD=bortezomib thalidomide dexametha-
sone, and CTD=cyclophosphamide thalidomide dex-
amethasone), and once they attained a remission status
of CR/VGPR, ASCT was conducted after Mel condi-
tioning. Patients with HL received treatment with
ABVD/OPPA-COPP/GDP/Mini BEAM [ABVD=Dox-
orubicin Bleomycin Vinblastine Dacarbazine, OPPA-
COPP=Vincristine Procarbazine Prednisone Doxorubi-
cin (OPPA)-Cyclophosphamide Vincristine Procarbazine
Prednisone (COPP), and GDP=Gemcitabine Dex-
amethasone Cisplatin], and patients with NHL were
treated with CHOP/CHOEP/GDP/R-CHOP/R-DA EP-
OCH (CHOP=Cyclophosphamide Doxorubicin Vincris-
tine Prednisone, CHOEP=CHOP+ Etoposide, R-CHOP=
Rituximab-CHOP, and R-DA EPOCH=Dose adjusted
R-CHOP+ Etoposide). Both HL and NHL patients were
conditioned with the BEAM regimen (Table 1).
Patients with AML, CML or ALL received therapy

with 3+7 and HIDAC [(3+7) = Daunorubicin+ Cyta-
rabine, HIDAC=High dose Cytarabine], Imatinib, and
BFM90 (Berlin Frankfurt Muenster 90 protocol), re-
spectively. They were conditioned with Flu-Mel or Bu-
Cy regimens (Table 1).
During conditioning, GCSF was administered to all

patients (n=65). The data for pre-harvest CD34+ stem
cell counts were available for 26 patients. Data for the
use of both Plerixafor and GCSF were available for 17
patients. These patients had a pre-harvest CD34+ count
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Table　1.　Distribution of patients undergoing ASCT at our institute

Type of primary 
disease

LN MN
PCN

HL
NHL ALL

AML CML-CP/ AP
MM PCL LCDD DLBCL ALCL PTCL-

NOS Pre-B

Total patients (n=65) 46 1 1 7 1 1 2 1 3 2
Median age (range) (yrs) 51 (24-65) 50 49 23 (14-35) 36 12 39 (30-48) 11 41 (14-54) 22 (7-37)
Sex (M:F) 2.3:1 M M 1.33:1 M F 1:1 F 1:2 1:1

Time of diagnosis (mth-yr) 2008-2019 11-
2011

11-
2019 2001-2018 03-2015 09-

2017 2019 06-
2012 2011-2017 2003-2004

Treatment received 
pre-ASCT Thal-Dex/ VCD/ VTD/CTD VTD VTD

ABVD/ 
OPPA-COPP/ 
GDP/Mini 
BEAM

R-CHOP/ 
R-DA 
EPOCH/ 
R-GDP

CHO-
EP/ 
GDP

CHOP BFM 
90 (3+7)/ HIDAC Imatinib

Remission status
sCR CR VGPR PR SD

sCR VGPR
CMR PD

CMR CMR CMR CR2
CR1 CR2 Complete 

molecular 
response10 17 16 2 1 6 1 2 1

Median time to ASCT
(range) (mth)

10 
(2-144)

13 
(6-42)

10　
(2-41)

19
(18-20) 23 7 10 88 (19-189) 34 21 10 3.5 17.5

(16-19) 81 87 (80-94)

Conditioning regimen Mel 140-200mg/m2 BEAM BEAM Flu-
Mel

Flu-Mel/ 
Bu-Cy Flu-Mel Bu-Cy

Type of product infusion Fresh product Cryopreserved product
Median pre-harvest CD34+ 
(range) (cells/µL) 32 (3.16-79.22) ND 9 10.19 

(8.79-11.61) 10 ND 7.36 ND ND 28.21 ND

Median post-harvest CD34+ 
(range) (×106/kg) 5.3 (1.6-9.34) 4.5 6 4.8

(4.2-8.04) 3.01 3.1 6.15 
(5.26-7.04) 5.78 4.5 (3.83-5.17) 8.2

(5.94-10.55)
Median time to engraftment 
(neutrophil) (Range) (dys) 11 (9-17) 10 12 11 (8-17) 13 14 15 (11-19) 18 15 (13-17) 10.5 (10-11)

Median time to engraftment 
(platelet) (Range) (dys)

11 (9-15)
[1 patient did not engraft] 26 15 12 (10-33) 13 15 16 (11-21) 12 14 (10-18) 12.5 (12-13)

Median time to FN (range) 
(dys) 4 (-2 to 12) - 3 2 (-7 to 10) 5 5 2.5 (2-3) 6 6 (5-7) 0

Other complications 
(Relapse) 5 1 0 0 0 0 0 1 1 0

Alive (as on Aug 2020) 32 0 1 7 1 1 1 0 1 2
Status not known
(as on Aug 2020) 9 - - - - - 1 - 1 -

The data for pre-harvest CD34+ concentration was available in 26 patients.
LN, lymphoid neoplasm; MN, myeloid neoplasm; PCN, plasma cell neoplasm; MM, multiple myeloma; PCL, plasma cell leukemia; LCDD, light 
chain deposition disease; HL, hodgkins lymphoma; NHL, non hodgkins lymphoma; PTCL-NOS, peripheral T-cell lymphoma-not otherwise 
specified; ALCL, anaplastic large cell lymphoma; DLBCL, diffuse large B-cell lymphoma; ALL, acute lymphoblastic leukemia; Pre-B, Pre B 
ALL; AML, acute myeloid leukemia; CML, chronic myeloid leukemia; CP, chronic phase; AP, accelerated phase; Thal-Dex, thalidomide-dexa-
methasone; VCD, bortezomib cyclophosphamide dexamethasone; VTD, bortezomib thalidomide dexamethasone; CTD, cyclophosphamide 
thalidomide dexamethasone; Mel, melphalan; ABVD, doxorubicin bleomycin vinblastine dacarbazine; OPPA-COPP, vincristine procarbazine 
prednisone doxorubicin (OPPA) - cyclophosphamide vincristine procarbazine prednisone (COPP); GDP, gemcitabine dexamethasone cispla-
tin; BEAM, BCNU etoposide cytarabine melphalan; CHOP, cyclophosphamide doxorubicin vincristine prednisone; CHOEP, CHOP+etoposide; 
R-CHOP, rituximab-CHOP; R-DA EPOCH, dose adjusted R-CHOP+etoposide; BFM90, berlin frankfurt muenster 90 protocol; Flu-Mel, fludar-
abine-melphalan; (3+7), daunorubicin+cytarabine; HIDAC, high dose cytarabine; Bu-Cy, busulphan-cytarabine; CR, complete response; sCR, 
stringent CR; VGPR, very good partial response; PR, partial response; SD, stable disease; CMR, complete metabolic response; PD, progres-
sive disease; CR 1/2, complete remission 1/2; dys, days; mth, months; yrs, years; M, male; F, female; ASCT, autologous stem cell trans-
plant; FN, febrile neutropenia; OS, overall survival; ND, not done.

of <10 cells/μL.
The median pre-harvest and post-harvest CD34+
stem cell counts were 27.54 cells/μL (range: 3.16-113
cells/μL) and 5.23×106 cells/kg body weight (available
in all 65 patients; range: 1.6-10.55), respectively. The
median time to engraftment was 11 days (range: 8-19
days) and 12 days (range: 9-26 days; one patient did
not engraft) for neutrophils and platelets, respectively.
Overall, the median neutrophil and platelet engraftment
times were 11 days (IQR, 10; 12) and 12 days (IQR,
10.2; 13), respectively (Figure 1A). Patients who did
not engraft were excluded from the analysis.

The cut-off for CD34+ pre-harvest concentration and
post-harvest dose were taken as 10 cells/μL and 5×106
cells/kg body weight, respectively. There was no sig-
nificant relationship between age and post-harvest
CD34+ count or time to engraft (Figure 2). There was
also no significant relationship between sex and pre- or
post-harvest CD34+ levels, time to engraftment, or time
to febrile neutropenia (Figure 2).
Platelet engraftment was associated with adequate

CD34+ counts, although it was not statistically signifi-
cant (p = 0.06, Wilcoxon rank-sum test) (Figure 1A).
The time to attain neutropenia and subsequent febrile
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Figure　1A.　Box and whisker plot highlighting the relationship of pre-harvest CD34+ stem cell count (cells/μL) with time to 
neutrophil engraftment (in days), time to platelet engraftment (in days), and time to appearance of febrile neutropenia (in days)
The cut-off level of CD34+ was taken as 10x106 cells/μL. The time to attain platelet engraftment was associated with ade-
quate CD34+ counts, though not statistically significant (p = 0.06, Wilcoxon Rank-sum test).

Figure　1B.　Box and whisker plot highlighting the relationship of post-harvest CD34+ stem cell dose (x106 cells/kg body 
weight) with time to neutrophil engraftment (in days), time to platelet engraftment (in days), and time to appearance of febrile 
neutropenia (in days)
The cut-off level of CD34+ was taken as 5x106 cells/kg. The time to attain neutropenia and subsequent febrile neutropenia 
was earlier in case of adequate post-harvest CD34+ counts (significant p = 0.009).

neutropenia was shorter in the case of adequate post-
harvest CD34+ dose (significant p=0.009) (Figure 1B).
In the patient who did not engraft, the pre-harvest

CD34+ cell count was not sent, and the post-harvest
CD34+ cell dose was 1.6×106 cells/kg body weight.
The cause of non-engraftment was not clear, and the
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Figure　2.　Relationship of different parameters with age and sex
A) Relationship of the post-harvest CD34+ dose, time to neutrophil engraftment and time to platelet engraftment with age. 
There was no significant relationship of age with post-harvest CD34+ dose or time to engraft. B) Relationship of the pre-harvest 
CD34+ concentration, post-harvest CD34+ dose, time to neutrophil engraftment, time to platelet engraftment, and time to ap-
pearance of febrile neutropenia with sex. There was no significant relationship of sex with pre- or post-harvest CD34+ levels, 
time to engraftment or time to febrile neutropenia. The cut-off for CD34+ pre-harvest concentration and post-harvest dose were 
taken as 10 cells/μL and 5 x106 cells/kg body weight, respectively. The time was calculated in days.

Figure　3.　Unpaired t-test depicting the relationship between fresh and cryopreserved stem cell prod-
ucts with pre-harvest CD34+concentration, post-harvest dose time to neutrophil and platelet engraft-
ment (in days)
The pre-harvest CD34+ levels were significantly higher, and the time to engraftment was also earlier in 
group receiving the fresh product.
SD, Standard deviation.

patient ultimately succumbed to hepatic veno-occlusive
disease, followed by multi-organ failure.
The time required for engraftment was shorter in
MM and HL patients (11 days for neutrophil and plate-
let engraftment), compared to that in patients with NHL
(13.5 days for neutrophil and platelet engraftment), and
acute leukemia (17 days and 12 days for neutrophil and
platelet engraftment, respectively). While fresh stem cell
products were infused in the 48 patients with MM,
cryopreserved products were infused in the 17 other pa-
tients (Table 1). The mean pre-harvest CD34+ level for
the fresh products (39.7±28.59 cells/μL) was signifi-

cantly different (p<0.001) from that of the cryopre-
served products (12.33±7.15 cells/μL). The mean post-
harvest CD34+ dose for the fresh products [(5.24±2)×
106 cells/kg body weight] was not significantly different
(p=0.58) from that of the cryopreserved products [(5.56
±1.91)×106 cells/kg body weight]. Meanwhile, the
mean time for neutrophil engraftment using fresh and
cryopreserved products, 11 days (±1.55) and 13.12
days (±3.34), respectively, were significantly different
(p=0.02) from each other. Furthermore, although the
mean time for platelet engraftment using the fresh prod-
ucts was faster (11.9±2.76 days) than when cryopre-
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Figure　4.　Scatter plot depicting correlation of the pre-harvest 
CD34+ concentration and post-harvest CD34+ dose
Pre- and post-harvest CD34+ levels were directly proportional to 
each other (p = <0.001 Pearson’s r = 0.64). Few instances have 
been noted where the values deviate.

served products were used (14.56±5.77 days), the dif-
ference was not statistically significant (p = 0.09) (Fig-
ure 3).
Febrile neutropenia was seen in 83.1% (54/65) pa-
tients. The median time to febrile neutropenia was 4
days post ASCT [range: day (−7) to (+12)]. The post-
harvest CD34+ dose (cut-off: 5×106 cells/kg) was in-
versely associated with febrile neutropenia (p=0.009)
(Figure 1B). Meanwhile, the patients with DE did not
have a statistically significant relationship with pre- or
post-harvest CD34+ levels (Figures 1A, B).
The pre- and post-harvest CD34+ levels were directly
proportional to each other (p<0.001, Pearson’s r=0.64).
However, there were a few instances noted where the
values deviated (Figure 4).
The median PFS was 112 months (n=65). Survival
was better in males (median PFS: 112 months) than in
females (median PFS: 59 months), although the differ-
ence was not statistically significant (p=0.27) (Figure
5). Furthermore, eight patients relapsed (five with MM,
one with PCL, and one each with ALL and AML) and
eight patients died (five with MM, one with PCL, one
with ALL, and one with AML).

Discussion

ASCTs are very common, and PCN was the most
common indication for ASCT in 73.8% (48/65) of pa-
tients, followed by HL (10.8%; 7/65) and NHL (6.2%;
4/65). This is similar to the trend seen in other stud-
ies2, 4. In a study done in India, MM was the most com-
mon disease for which ASCT was conducted6. In an-
other study, HL (38%) was the most common indica-
tion of ASCT, followed by NHL and MM1. In our
analysis, ASCT was conducted in 65 patients, of which,
4.6% (3/65) had AML, 3.1% (2/65) had CML-

accelerated phase (AP), and 1.5% (1/65) had precursor
B cell (Pre-B) ALL. It has been observed that ASCT
may be a good option in AML-intermediate risk (IR)
patients who do not have a provision for allogeneic
HSCT16. Two patients had AML-IR, while one had re-
lapsed and chose ASCT for logistic reasons. ASCT led
to lower relapse rates as compared to chemotherapy and
lesser mortality than allogeneic HSCTs in AML17.
Though the exact role of ASCT in CML remains unde-
fined, ASCT has been used to reverse patients in trans-
formation back to Chronic phase (CP)18. In addition,
ASCT is rarely considered in Philadelphia chromosome
+ALL19, 20. In our patient with Pre-B ALL, ASCT was
considered in CR2 due to logistic reasons.
The median age of our patients was 49 years (range:

11-65 years) with a male predominance (male: female
ratio=1.9:1). In another study, out of 69 patients who
developed ASCT, the median age was 34 years (range:
4-64 years) with a male: female ratio of 2.5:11. In an-
other study by Turk et al., the median age, which was
31.5 years (range: 13-70 years), was comparable, and
there was a mild male preponderance (male: female ra-
tio=1.4:1)21. In our findings, there was no association of
the time to engraft with respect to age or sex of the pa-
tient. In a study by Zhu et al., the age of donors was
found to be the main factor related to CD34+ cell
count, while sex seemed to be unrelated22. The optimal
time for cell collection in the study was day 4 of
GCSF, unlike in our study where apheresis was con-
ducted on the 5th day. In another study, the age of the
patient, pre-harvest CD34+ cell count on day 2 of
GCSF, and platelet counts were directly associated with
CD34+ cell yield23. In this study, the GCSF dose was
10 mcg/kg, like in our study.
In different studies, patients received conditioning

regimens with ICE/BEAM/CNV regimens21. Bu and
Flu-Cy have been used in myeloid leukemias, while
Mel and BEAM/BEAC have been used for PCN pa-
tients and in lymphomas, respectively11. In cases of
lymphomas other than BEAM, Bu-Cy or irradiation
have also been used as pre-conditioning agents12. No re-
lationship of time to attain engraftment was associated
with the type of conditioning regimen used15. Different
conditioning regimens have been used depending on the
primary disease in our study.
In a previous study, a pre-harvest CD34+ count of

>10×106 CD34+ cells/L on the day before the stem
cell collection predicted a successful stem cell collec-
tion on day 1 of apheresis7. In a study by Agarwal et
al., out of the 149 cases of ASCT, 77 patients did not
receive Plerixafor, and in the remaining patients,
Plerixafor was withheld if the CD34+ dose was >20×
106 cells/kg body weight6. From their study, it was
noted that in patients who did not receive Plerixafor,
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Figure　5.　Progression free survival (PFS) curves
Death or relapse were taken as points of progression. The patient who did not engraft was excluded 
from the analysis. A) The median PFS was 112 months. (n=64). B) PFS curve based on sex. Medi-
an PFS in males (n=41) and females (n=23) were 112 months and 59 months, respectively. This 
was not statistically significant (p=0.27).

there was a higher rate of failure of the graft, although
this was statistically insignificant. The use of Plerixafor
based on CD34+ count was as good as the empirical
use of Plerixafor in all patients6. In our study, most pa-
tients received Plerixafor empirically and in 11 patients,
Plerixafor was withheld when the pre-harvest CD34+
count was >20 cells/μL.
The minimum CD34+ cell dose required for a suc-
cessful stem cell engraftment after ASCT is 2 million/
kg body weight10. As the normal CD34+ cell count in
peripheral blood ranges between 0.01-0.05%, it is nec-
essary to mobilize the stem cells using GCSF and
Plerixafor6. For our analysis, the cut-off of the post-
harvest CD34+ dose was taken as 5×106 cells/kg body

weight.
Among our patients, there were some who were not

able to send their pre-harvest CD34+ count due to lo-
gistic reasons, while in a few cases, the data could not
be traced. Thus, a pre-harvest CD34+ count was only
available for 26 patients. The median CD34+ count was
27.54 cells/μL (range: 3.16-113 cells/μL). The post-
harvest CD34+ count was available for all 65 patients,
and the median count was 5.23 ×106 cells/kg body
weight (range: 1.6-10.55 cells/kg body weight). In pa-
tients whose post-harvest CD34+ cell count was <2×
106 cells/kg body weight, the harvest was carried out
for 2 days.
In a study by Liang et al., the CD34+ count was
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4.91×106/kg body weight, and depended on the ad-
ministration schedule and dose of GCSF24. In another
study by Ali et al., the mean CD34+ cells infused was
4.7×108±1.7 mononuclear cells/kg1. A minimal CD34
+ cell count of 8×106 CD34+ cells/kg seemed to be
optimal for a successful ASCT5. Armitage et al. opined
that a mobilization sample of stem cells 20×106 cells/
kg resulted in an acceptable post-harvest stem cell
count of 2×106 cells/kg25.
In our findings, the time required to attain neutrophil
engraftment was significantly shorter among freshly
harvested stem cells vs. cryopreserved products (p=
0.02), and although not significant, the time required to
attain platelet engraftment was also lower among the
freshly harvested stem cells (p=0.09). The mean post-
harvest CD34+ stem cell count was higher in the cryo-
preserved products than in the freshly harvest products.
Meanwhile, in a study by Humpe et al., the median
post-harvest CD34+ dose was lower prior to cryopreser-
vation compared to that of a cryopreserved product26.
The median time for platelet and neutrophil engraft-
ment was 15 days (range: 12-40 days) and 18.2±5.34
days, respectively, in one study1. In our study, the neu-
trophil and platelet engraftment times were shorter: 11
days (range 8-19 days) and 12 days (9-26 days, one pa-
tient did not engraft), respectively. In another study, the
neutrophil and platelet engraftment times were nearly
similar in all patients with a CD34+ cell count of >2×
106 cells/kg27. In a study by Lutfi et al., 22.6% of pa-
tients had DE and most cases had delayed platelet re-
covery15. The study also showed that DE was more
common among NHL than MM15. In our study, patients
who did not have platelet engraftment had MM. Kiss et
al. have shown that most patients had prompt neutrophil
recovery, but there was delayed or no platelet recovery,
especially in patients who were heavily pre-treated28.
The number of CD34+ stem cells infused was sig-
nificantly related to the time to neutrophil or platelet re-
covery28. In our study, an adequate CD34+ concentra-
tion (pre- or post-harvest) was not significantly associ-
ated with the time to attain engraftment. However, the
pre-harvest concentration and post-harvest cell dose
were directly proportional to each other. This was also
seen in a study by Lemos et al. where they have high-
lighted a moderate positive correlation between periph-
eral blood CD34+ cell count and total CD34+ cell
count/kg (r=0.596; p <0.001)29.
Ali et al. showed that the median time to febrile neu-
tropenia was 13 days, unlike in our study, where the
median time to febrile neutropenia was 4 days (IQR 1;
6)1. It maybe opined that in our study, the adequate
CD34+ counts led to earlier neutropenia and hence ear-
lier febrile neutropenia.
In our analysis, very few patients relapsed after

ASCT (n=8), of which there were five patients with
MM. Early relapse within a year of ASCT is indicative
of poor PFS30. We have also found that most patients
who relapsed ultimately succumbed to the disease. In a
study by Ali et al., an overall survival of 86% after a
median follow-up of 104 months was recorded1. In
MM, transplant-related mortality (TRM) occurred in
one patient, and the overall survival (OS) was 93%.
Meanwhile, in NHL, the TRM and OS were 25% and
70%, respectively, while in HL, the TRM and OS were
12% and 71%, respectively1.
ASCT is an established therapy for various hemato-

logical malignancies, the most common of which is
MM. Although unrelated to age or sex, the post-harvest
CD34+ dose was found to be inversely proportional to
the time to febrile neutropenia. In addition, the pre- and
post-harvest CD34+ concentrations were directly pro-
portional to each other, and hence pre-harvest CD34+
levels may be reliably used to assess the engraftment
outcome. The mean time for neutrophil and platelet en-
graftment was shorter in the case of fresh stem cell har-
vest products in comparison to cryopreserved products.
The PFS was 112 months, and few patients suffered
from relapse/death. The PFS was better in males than in
females; however, the exact reason for this is unknown.
Therefore, a larger number of patients need to be fol-
lowed up to obtain a more accurate picture.
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