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 Background: Autologous stem cell transplantation (ASCT) has become a standard procedure in multiple myeloma (MM) pa-
tients. Cryopreservation (CRYO) of stem cells may be associated with adverse reactions of dimethyl sulfoxide. 
Previous studies showed that stem cell storage at 4°C (non-cryopreserved [NC] method) may have some ad-
vantages. This analysis focused on comparing the transplant-related outcomes of the 2 preservation methods.

 Material/Methods: This was a cohort study of consecutive MM patients who underwent ASCT at Chiang Mai University from 2014 
to 2019. Primary outcomes were time to neutrophil and platelet engraftment. Key secondary outcomes were 
the incidence of infusion reactions, duration of hospitalization, cost, and survival.

 Results: A total of 42 MM patients underwent ASCT. Of these, 26 patients and 16 patients underwent NC and CRYO 
stem cell collections, respectively. There was no difference in time to neutrophil engraftment (median 12 vs. 
10.5 days, P=0.203) or platelet engraftment (median 14 vs. 12 days, P=0.809) between groups. The incidence 
of infusion reactions and duration of hospitalization were similar in both groups. The average cost of ASCT was 
10% lower in the NC group. There was no difference in progression-free survival (median 16 vs. 22 months, 
P=0.701) or overall survival between NC and CRYO groups.

 Conclusions: ASCT in MM using the NC preservation method is effective and safe compared to the CRYO method in both 
short-term and survival outcomes.
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Background

Autologous stem cell transplantation (ASCT) is beneficial and 
has become the current standard procedure in young multi-
ple myeloma (MM) patients who responded to treatment [1]. 
Cryopreservation (CRYO) of stem cells using dimethyl sulfox-
ide (DMSO) is a conventional standard method but can be as-
sociated with adverse reactions of DMSO and relatively higher 
cost of the procedure [2]. The non-cryopreserved (NC) method 
is less expensive and less time consuming since stem cell col-
lection can be performed before transplantation in the same 
admission. An in vitro study showed that peripheral blood stem 
cells (PBSC) can be stored safely over 5 days at 4°C with pre-
served cell viability, proliferation, and differentiation capaci-
ty [3]. Previous data showed that the NC method led to ade-
quate engraftment [4,5] and cost reduction from 15% to more 
than 50% [5–7]. Moreover, the NC method has the following 
advantages: faster engraftment, shorter hospital stay, and low-
er incidence of febrile neutropenia [8]. This analysis focused 
on comparing the transplant-related outcomes and the direct 
cost of the 2 stem cell preservation methods in MM patients.

Material and Methods

Study design and participants

This was a retrospective cohort study. Consecutive MM pa-
tients who underwent ASCT from March 2014 to October 
2019 at the Division of Hematology, Department of Internal 
Medicine, Faculty of Medicine, Chiang Mai University were 
enrolled. Collected data were age, sex, disease stage accord-
ing to the International Staging System (ISS) [9], first or sec-
ond ASCT, time from diagnosis or relapse to ASCT, disease re-
sponse before ASCT according to the International Myeloma 
Working Group (IMWG) consensus criteria [10], hematopoiet-
ic cell transplantation-specific comorbidity index (HCT-CI) [11], 
induction regimen, the dose of melphalan, mobilization regi-
men, number of CD34+ cells collected, and stem cells preser-
vation methods (CRYO or NC).

Stem cell mobilization, processing, and transplantation 
protocol

All newly diagnosed transplant-eligible MM patients received 
bortezomib (Bor)-containing regimen induction of at least 4 
cycles. Patients with the relapsed disease received induction 
regimen by physicians’ decisions based on previous treatments 
and duration of response [12]. Patients who achieved up to par-
tial response (PR) or more proceeded to stem cell collection us-
ing granulocyte colony-stimulating factor (G-CSF) mobilization 
alone, or in combination with cyclophosphamide (Cy) depend-
ing on the attending physicians’ decision. For the NC method, 

patients received subcutaneous G-CSF 10 μg/kg/d (rounded 
up to 600 or 900 μg) from day –8 to day –4. Peripheral blood 
stem cell collection was performed on day –3. Conditioning 
regimen with intravenous melphalan 200 mg/m2 fractionally 
was given on day –2 and –1, or 140 mg/m2 on day –1, accord-
ing to kidney function. Stem cells were infused on day 0. All 
patients received premedication with chlorpheniramine, hydro-
cortisone, and acetaminophen. G-CSF 300 μg/d was given on 
day +1 until the engraftment of neutrophils. For patients re-
ceiving the CRYO method, stem cell collection was performed 
in 2 separate admissions. Patients underwent similar mobi-
lization protocol, conditioning regimen, and G-CSF after the 
infusion of stem cells. In G-CSF+Cy mobilization, intravenous 
Cy 2.5 g/m2 was given, then G-CSF 10 μg/kg/d was given for 
10–11 days before apheresis. All patients received prophylac-
tic antiviral and antifungal agents. Antibacterial prophylaxis 
was not given during transplantation.

The peripheral blood CD34+ cell count was measured by flow 
cytometry on the morning of the planned apheresis day. The ac-
ceptable CD34+ cell count was at least 5×109/L. Spectra Optia® 
Apheresis System (Terumo Corporation, Tokyo, Japan) was used 
for apheresis procedures. Patients with a total of CD34+ cells 
harvested of fewer than 2.0×106 cells/kg underwent another 
apheresis session on the following day. All patients achieved 
the target total CD34+ cells without using plerixafor. In the NC 
method, stem cell bags were stored in a stem cell laboratory 
refrigerator at 4oC. In the CRYO method, cryopreservation was 
prepared by adding DMSO to the final concentration at 10% 
before being cooled in a controlled-rate freezer (CryoMed™, 
Thermo Fisher Scientific, Inc.), then stored in liquid nitrogen 
storage at –190°C. The bags were thawed in a 37°C water bath 
just before the infusion procedure. Trypan blue exclusion test 
was used for cell viability analysis on the day of infusion [13].

Outcomes

Primary outcomes were time to neutrophil engraftment and 
time to platelet engraftment, defined as the time from the day 
of stem cell infusion to the first of 3 consecutive days with 
absolute neutrophil counts more than 0.5×109/L or platelet 
counts more than 20×109/L without transfusion, respective-
ly [14,15]. Key secondary outcomes were cell viability, graft 
failure rate, infusion-related reactions, the incidence of he-
matological and non-hematological complications according 
to the National Cancer Institute Common Toxicity Criteria for 
Adverse Events (NCI CTCAE) v4.0, early transplant-related mor-
tality (TRM), duration of hospital stay, and total cost of ASCT in 
United States dollars (USD). Graft failure was defined as either 
failure to have neutrophil engraftment by day +28 of trans-
plantation (primary graft failure), or loss of initial neutrophil 
engraftment not related to relapse, infection, or toxicity (sec-
ondary graft failure) [16]. The duration of hospitalization was 
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the total number of days that the patient was admitted to the 
hospital for stem cell mobilization, collection, and ASCT. Early 
TRM was defined as death due to any transplantation-related 
cause on the first 30 days of ASCT. Other secondary outcomes 
included disease response at day +100 after ASCT, progres-
sion-free survival (PFS), and overall survival (OS).

Statistical analysis

Data were compared between the NC group and CRYO group 
using Fisher’s exact test for categorical variables, and the inde-
pendent t test or Wilcoxon rank-sum test for continuous vari-
ables, depending on the distribution of the data. Univariable 
and multivariable Cox proportional hazards model were used 
to explore and adjust clinical factors that possibly influence pri-
mary outcomes, including age, sex, method of stem cell pres-
ervation, total number of CD34+ cell infused, melphalan dose, 
first or second ASCT, and mobilization regimen. All tests were 
two-sided and P values less than 0.05 were considered sig-
nificant. Statistical analysis was performed using Stata 16.0 
(StataCorp LLC, USA).

The study was conducted with approval from the Institutional 
Research Ethics Committee at the Faculty of Medicine, Chiang 
Mai University (reference no. 351/2019).

Results

Baseline characteristics

Forty-two ASCT were included, with 26 (61.9%) utilizing the 
NC method. Clinical characteristics are shown in Table 1. There 
were no significant differences between groups in demograph-
ic data and disease characteristics. Of 16 ASCT in CRYO group, 
6 (37.5%) were second-time ASCT after disease relapsed and 
5 (31.2%) used G-CSF+Cy chemomobilization. Thirteen NC and 
9 CRYO ASCT were administered from 2014–2016, and 13 NC 
and 7 CRYO were administered after the beginning of 2017.

Transplantation outcomes

The median total CD34+ cell dose of the entire cohort was 
4.3×106/kg (range 2.0–29.1). The collected CD34+ in the NC 
group had significantly higher cell viability than the CRYO group 
(98.5% vs. 93.5%, P<0.001). However, infused doses of total 
CD34+ cells were not significantly different in both groups (3.8 
vs. 4.7×106/kg, P=0.062). The median time to neutrophil en-
graftment of the entire cohort was 11 days (IQR 10–14). The 
median time to platelet engraftment was 13 days (IQR 11–18). 
The neutrophil and platelet engraftments were not significant-
ly different between the 2 groups (12 vs. 10.5 days, P=0.203 
and 14 vs. 12 days, P=0.809, respectively). One patient without 

a history of cardiac disease developed sudden cardiac arrest 
and died on day +12; this event was considered as TRM. The 
other 41 patients achieved engraftment without any sec-
ondary graft failure. Summarized key transplant-related out-
comes are shown in Table 2. The NC method was associat-
ed with a shorter median duration of hospitalization (25.5 vs. 
33 days, P=0.002). However, when excluding 5 patients using 
G-CSF+Cy mobilization, which required 10 days longer dura-
tion of hospitalization, the difference was not statistically sig-
nificant (25.5 vs. 32 days, P=0.064). The NC group had a lower 
average cost, but the difference was not statistically signifi-
cant (10 600±2400 vs. 11 800±5100 USD, P=0.314). We ad-
ditionally performed cost comparison with excluding six-sec-
ond ASCT in the CRYO group, which used existing stem cells 
from their first ASCT, and the difference in cost was more ob-
vious (10 600±2400 vs. 12 900±3500 USD, P=0.026) (Table 2).

Infusion-related adverse events (IREs) were not statistically 
different among the 2 groups (Table 2). There were 13 IREs 
in a total of 11 patients. All IREs were considered Grade 1, in-
cluding 3 nausea, 7 vomiting, 1 rash, and 2 chest pain, and 
all recovered after symptomatic treatment such as oxygen-
ation, antiemetic, and antihistamine. All patients developed 
febrile neutropenia during ASCT, in which the majority (54.7%) 
had a fever of unknown origin (FUO). Pathogens were detect-
ed in 8 of 42 patients (19%). The incidence of Grade 3–4 ad-
verse events was similar in the NC and CRYO groups (88.5% 
vs. 93.8%, P=0.505). Most Grade 3–4 adverse events were af-
fected by diarrhea, which was, as expected, caused by the con-
ditioning regimen. Engraftment syndrome occurred in 4 pa-
tients (2 (7.7%) in the NC group and 2 (12.5%) in the CRYO 
group, P=0.495), which responded well to short-course sys-
temic corticosteroids.

Univariable Cox proportional hazards models revealed that 
time to neutrophil engraftment was not influenced by stem 
cell preservation method, age, sex, total CD34+ dose, melpha-
lan dose, first or second ASCT, or mobilization regimen.

Long-term outcomes

Disease response at the time of ASCT and after ASCT at 
day +100 were similar in both groups (data not shown). 
Consolidation and maintenance treatment was given to 6 pa-
tients in the NC group (4 received Bor-Cy-Dex then bortezomib 
maintenance, 2 received Bor-Dex then lenalidomide mainte-
nance), and 5 patients in the CRYO group (all received Bor-Cy-
Dex, then bortezomib maintenance) (26.1% vs. 33.3%, P=0.722). 
At the median follow-up time of 37.5 months, there was no 
difference in PFS between the 2 groups (median PFS 16 vs. 22 
months, P=0.701 by log-rank test) (Figure 1) or overall survival 
(median OS not reached in both groups; P=0.942) (Figure 1).

e927084-3

Piriyakhuntorn P. et al.: 
Non-cryopreserved method for transplantation in myeloma
© Ann Transplant, 2020; 25: e927084

ORIGINAL PAPER

Indexed in: [Science Citation Index Expanded] [Index Medicus/MEDLINE] 
[Chemical Abstracts] [Scopus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Discussion

Previous data showed that adequate engraftment of ASCT was 
observed when using stem cell storage at 4°C in the refrigerator 
for 1 to 6 days [2,4–6,8,17–19]. In the present study, all patients 
in the NC group achieved engraftment before day +30. This en-
sures that NC is a feasible stem cell preservation method in MM.

Two recent studies revealed that the NC method led to faster 
engraftment compared with CRYO [2,8]. However, one study 
compared 2 strategies in 2 different centers [8], while anoth-
er was a single-center study but had a different time between 
groups, with only 25% of the CRYO undergoing ASCT in the 
same period of the NC group [2]. Thus, the faster engraftment 
effect of the NC method remains to be further investigated. 

Characteristics Non-cryopreserved (N=26) Cryopreserved (N=16) P-value

Age (year) – mean±SD 55.7±5.2 54.9±5.9 0.685

Male – no. (%)  11 (42.3)  8 (50.0) 0.627

ISS stage – no. (%) 0.688

 I  8 (30.8)  3 (18.8)

 II  10 (38.5)  7 (43.8)

 III  8 (30.8)  6 (37.5)

First ASCT – no. (%)  26 (100)  10 (62.5) 0.002

Induction regimen – no. (%) 0.073

 Bor-Cy-Dex  23 (88.5)  12 (75.0)

 Bor-Dex  3 (11.5)  0

 Bor-Len-Dex  0  1 (6.3)

 Len-Cy-Dex  0  2 (12.5)

 Len-Dex  0  1 (6.3)

Total cycles of induction – median (IQR)  5.5 (4–6)  6 (6–8) 0.140

Disease response before ASCT – no. (%) 0.904

 sCR  12 (46.2)  9 (56.3)

 CR  3 (11.5)  2 (12.5)

 VGPR  6 (23.1)  3 (18.8)

 PR  5 (19.2)  2 (12.5)

HCT-CI – no. (%) 0.231

 0  15 (57.7)  13 (81.3)

 1–2  9 (34.6)  3 (18.8)

 3  2 (7.7)  0

Mobilization regimen – no. (%) 0.005

 G-CSF  26 (100)  11 (68.8)

 G-CSF + Cy  0  5 (31.2)

Conditioning regimen – no. (%) 0.180

 Melphalan 200 mg/m2  24 (92.3)  12 (75.0)

 Melphalan 140 mg/m2  2 (7.7)  4 (25.0)

Table 1. Baseline patient demography and clinical characteristics.

ASCT – autologous stem cell transplantation; Bor – bortezomib; CR – complete response; Cy – cyclophosphamide; 
Dex – dexamethasone; G-CSF – granulocyte colony stimulating factor; HCT-CI – hematopoietic cell transplantation-specific comorbidity 
index; ISS – International Staging System; Len – lenalidomide; PR – partial response; sCR – stringent complete response; VGPR – very 
good partial response.
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Our center has started an ASCT program since March 2014 and 
used both the NC and CRYO methods from the beginning. The 
primary results of our study showed a comparable engraftment 
duration between NC and CRYO groups. However, there were 
some unbalanced characteristics between groups, such as to-
tal CD34+ dose, melphalan dose, time of ASCT, and mobiliza-
tion regimen, which may affect the outcomes. We further per-
formed univariable analyses to evaluate whether each factor 

affected time to neutrophil engraftment, and found that none 
of these influenced the outcome. Thus, further multivariable 
analysis was not performed. In previous reports using the NC 
method for ASCT in MM, the graft failure rate and TRM were 
consistently low [2,4–6,8,17–19]. A 3.8% TRM in our cohort 
was due to 1 sudden cardiac death during febrile neutrope-
nia on day +12, which is a rate similar to that of other reports.

Outcomes Non-cryopreserved (N=26) Cryopreserved (N=16) P-value

Time to neutrophil engraftment (days) – median (range) 12 (10–19)  10.5 (8–20) 0.203

Time to platelet engraftment (days) – median (range)  14 (10–23)  12 (10–31) 0.809

Incidence of graft failure – no. (%)  0  0 1.000

Transplant-related mortality – no. (%)  1 (3.8)  0 0.619

CD34+ cell dose (×106/kg) – median (range)  3.8 (2.0–16.5)  4.7 (2.3–29.1) 0.062

CD34+ cell viability (%) – median (range)  98.5 (94–99)  93.5 (70–98) <0.001

Infusion-related AEs – no. (%)  5 (19.2)  6 (37.5) 0.172

Infectious complications – no. (%) 0.765

 Fever of unknown origin  14 (53.8)  9 (56.2)

 Microbiologically documented infection  6 (23.1)  2 (12.5)

 Clinically documented infection  6 (23.1)  5 (31.3)

Duration of hospitalization (days) – median (range)

 Entire cohort  25.5 (18–30)  33 (17–55) 0.002

 Only G-CSF mobilization  25.5 (18–30)  32 (17–50) 0.064

Total cost of ASCT (in 1,000 USD) – mean±SD 

 Entire cohort 10.6±2.4 11.8±5.1 0.314

 Only G-CSF mobilization 10.6±2.4 12.6±5.8 0.288

 Only first ASCT 10.6±2.4 12.9±3.5 0.026

Table 2. Transplant-related outcomes.

AE – adverse event; ASCT – autologous stem cell transplantation; G-CSF – granulocyte colony stimulating factor.
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Figure 1.  PFS (A) and OS (B) stratified by method of stem cell preservation.
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The NC group had significantly higher cell viability than the 
CRYO group. The lowest cell viability in the CRYO group was 
the first ASCT case at our center. The 70% cell viability may 
be partly due to our inexperience in stem cell processing in 
our first case. The cryopreserved product was used 50 days 
after the collection. The later cases of the CRYO group had 
cell viability ranging from 85% to 99% and the difference be-
tween groups was still significant. The adequate engraftment 
with lower stem cell dose (less than 2.0×106/kg) in ASCT us-
ing NC preservation was demonstrated by a small number of 
patients in several studies [4,17,19]. This may indicate better 
the quality of stem cells using the NC method and possibly 
explain the faster engraftment effects, which need to be fur-
ther investigated.

The incidence of IREs in our entire cohort was 26.2%, which 
was lower in the NC group but the difference was not statisti-
cally significant. All events were Grade 1 and most were gastro-
intestinal symptoms, without any fever. However, Bittencourt 
et al. found lower IREs in the NC group, in which most events 
in the NC group were fever within 24 hours from their infu-
sion [2]. This probably was because we gave premedication 
given before the stem cell infusion, while they did not.

Mucositis is a well-known adverse effect of high-dose mel-
phalan conditioning. There are many interventions to prevent 
chemotherapy-associated mucositis, including ice chips [20]. 
We observed a low incidence of severe oropharyngeal muco-
sitis, which could be due to our protocol of using ice chips be-
fore melphalan infusion in every case. However, up to 85% of 
Grade 3–4 gastrointestinal mucositis were found, which were 
similar between groups. The results are consistent with other 
reports using the NC method for ASCT in MM, which reported 
63–79% Grade 3–4 mucositis [4,5,19]. Bittencourt et al. dem-
onstrated similar rates of fever and infection between the NC 
and CRYO groups [2]. All patients in our cohort and also most 
of the patients in another cohort from India [5] had neutro-
penic fever or infection during ASCT in both the NC and CRYO 
groups. The high incidence of febrile neutropenia in the pres-
ent study is possibly due to not routinely prescribing antibiotic 
prophylaxis in our center. Conversely, Sarmiento et al. recently 
reported significantly lower incidence of severe mucositis, in-
cluding both oropharyngeal and gastrointestinal, in NC com-
pared with CRYO [8]. Also, the incidence of febrile neutropenia 
in the same study was lower in the NC group [8]. The results 
should be carefully interpreted as 30% of the population had 
lymphoma using a different conditioning regimen in different 
transplantation centers. Therefore, the benefits of NC in avoid-
ing mucositis and infectious complications are still equivocal.

Our cohort study revealed a similar duration of hospital stay in 
both groups, while Sarmiento et al. demonstrated a shorter in-
patient hospital stay in the NC group compared with CRYO [8]. 
However, they found more Grade 3–4 adverse events and fe-
brile neutropenia and higher total parenteral nutrition (TPN) 
requirements in the CRYO group, which could lengthen the 
hospital stay, whereas rates of severe adverse events, infec-
tions, and TPN requirements in our cohort were not different 
between groups (data not shown).

The average cost of ASCT using the NC method in our study 
was around 10% reduction comparing with the CRYO meth-
od, and it can be up to 15% when considered only in the first 
ASCT population. The cost of cryopreservation is approximately 
900 USD in our center. Although the stem cell collection pro-
cess cannot be used in an outpatient setting due to our safe-
ty policy, patients in the NC group also underwent stem cell 
collection in the hospital. After excluding 5 patients using Cy 
mobilization, which led to a prolonged hospital stay, the total 
average cost was still lower in the NC group. Therefore, the 
comparison of total cost was not biased by the cost of the first 
admission, and the expense of stem cell cryopreservation can 
be avoided when using the NC method.

There are several limitations to our study. First, this was a retro-
spective study. However, we enrolled every patient undergoing 
ASCT at our center and there was little missing data. Second, 
the 6-year duration of the study was rather long, which may 
lead to some bias from a time effect. Lastly, the unbalanced 
clinical characteristics between groups influenced the interpre-
tation of the results. Even though we performed a regression 
analysis, which revealed that the outcome was unaffected by 
these factors, the results should be carefully interpreted due 
to the relatively small sample size of the study.

Conclusions

ASCT in MM using the NC preservation method is effective 
and safe compared to the CRYO method in both short-term 
and survival outcomes.
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