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 Background: Hematopoietic stem cell transplantation (HSCT) using cryopreserved grafts is time-consuming, expensive treat-
ment, and may associated with dimethyl sulfoxide (DMSO) toxicity. Here, we assess the clinical utility and safe-
ty of non-cryopreserved peripheral blood stem cell graft in autologous HSCT.

 Material/Methods: Medical data of multiple myeloma or lymphoma patients who underwent autologous non-cryopreserved HSCT 
were reviewed.

 Results: A total of 58 patients (40 myeloma and 18 lymphoma) were reviewed. The median myeloma and lymphoma 
CD34+ cell doses were 7.59 and 6.9 million/kg, respectively, with good viability after storage. The median times 
in neutrophil and platelet engraftment were 9 and 13 days and 11 and 14 days in myeloma and lymphoma, 
respectively. Only 5 patients in this cohort developed serious post-transplant complications. After transplan-
tation, the cumulative incidence of relapse at 5 years was 34.4% in myeloma versus 19.1% in lymphoma pa-
tients. Notably, the mortality incidence rate rapidly increased within the first year and reached a plateau after 
4 years, with cumulative incidence of 5.9% and 30.9% in myeloma and lymphoma, respectively. With a medi-
an follow-up time of 60 months, the median progression-free survival (PFS) and overall survival (OS) for lym-
phoma patients was 123.8 and 130 months, respectively. For the myeloma group, the median follow-up time 
was 38.6 months, the median PFS was 99.5 months, and OS was 157 months.

 Conclusions: Non-cryopreserved HSCT is effective and safe. The long-term survival outcomes could be achieved by the short-
ening the duration of neutrophil and platelet engraftments and the complication rates are acceptable.
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Background

Hematopoietic stem cell transplantation (HSCT) is a curative 
treatment option with significantly longer disease-free surviv-
al (DFS) and overall survival (OS) compared to other treatment 
modalities for various hematologic malignancies [1]. HSCT pro-
cedures include stem cell collection, cryopreserved storage, con-
ditioning chemotherapy, and stem cell reinfusion. Stem cells 
can be harvested directly from bone marrow aspirate, periph-
eral blood after mobilization, and umbilical cord blood. The 
cryopreservation technique is performed by adding dimethyl 
sulfoxide and Anticoagulant Citrate Dextrose Solution, Solution 
A to the stem cells to maintain viability until reinfusion [2]. 
However, cryopreserved HSCT is laborious, expensive, and in-
volves significant cryo-injury to the cells via dimethyl sulfox-
ide toxicity. Recently, several investigators demonstrated the 
successful treatment of non-cryopreserved HSCT in resource-
limited centers [3-9]. Moreover, non-cryopreserved HSCT is as-
sociated with shorter hospital stay and lower febrile neutro-
penia and mucositis rates [8]. In this study, we assessed the 
clinical utility and safety of non-cryopreserved unmanipulated 
peripheral blood stem cells (PBSCs) in adult patients with mul-
tiple myeloma or malignant lymphoma who underwent autol-
ogous HSCT in Songklanagarind Hospital from 1996 to 2021.

Material and Methods

Study Design

The study protocol (REC. 64-188-14-1) was approved by the 
Human Research Ethics Committee of the Faculty of Medicine, 
Prince of Songkla University. This retrospective cohort study 
was conducted in Songklanagarind Hospital, a tertiary univer-
sity hospital located in southern Thailand, in accordance with 
the Declaration of Helsinki. We reviewed the records of my-
eloma or lymphoma patients aged 18 years or older who un-
derwent non-cryopreserved HSCT in Songklanagarind Hospital 
from January 1996 to March 2021. Patients with insufficient 
clinical data for review were excluded.

Before transplantation, all patients were assessed for clinical and 
disease status, including age, sex, Eastern Cooperative Oncology 
Group performance status, laboratory test results, organ func-
tion, diagnosis, stage, treatment options, and disease response. 
Hematopoietic cell transplant comorbidity index scores were 
calculated to assess the transplantation comorbidity risk [10].

Mobilization Technique and PBSC Collection

All autologous stem cell transplantation (ASCT) procedures were 
performed using PBSCs. A central venous catheter (Hickman 
line) was placed via the internal jugular or subclavian vein in all 

patients 1 week before transplantation. The PBSCs were mobi-
lized using a combination of chemotherapy, cyclophosphamide 
4 gm/m2 with or without etoposide 300 mg/m2, or ICE regimen 
(etoposide 100 mg/m2 day 1-3, ifosfamide 5 gm/m2 day 2, and 
carboplatin 5 AUC day 2) followed by G-CSF 10 µg/kg/d daily 
subcutaneous injection for 4-5 consecutive days or G-CSF alone. 
Peripheral blood CD34+ cells were measured daily each morning 
by flow cytometer after the end of the nadir phase. PBSC mo-
bilization was performed when the circulating CD34+ cell count 
was greater than 10/µl using a Spectra Optia® separator (Cobe 
Laboratories, Inc., Lakewood, CO, USA) or a COM.TEC® separator 
(Fresenius Kabi, Germany). Apheresis was performed daily un-
til reaching the goal of ³2×106 peripheral blood CD34+ cells per 
kilogram. The PBSC samples were stained with 7-amino-actino-
mycin D and analyzed by flow cytometer to assess cell viability 
before storage. The final PBSC products were then stored at 4°C 
in a blood bank refrigerator until the day of stem cell infusion. 
In the early phase, aliquots of stem cell products were assessed 
daily for viability by trypan blue dye exclusion test (Figure 1).

Pre-Transplant Conditioning and PBSC Transplantation

High-dose chemotherapy was administered immediately after 
complete stem cell harvesting. The conditioning regimen for 
multiple myeloma patients was melphalan 200 mg/m2 or 140 
mg/m2, depending on patient performance and renal function 
status. In malignant lymphoma, various conditioning regimens 
were administered, mainly BEAM (BCNU 300 mg/m2 day -6, et-
oposide 800 mg/m2 day -5 to -2, cytarabine 1600 mg/m2 day 
-5 to -2, and melphalan 140 mg/m2 day -1) and BEAC (BCNU 
300 mg/m2 day -7, etoposide 800 mg/m2 day -6 to -3, cytara-
bine 800 mg/m2 day -6 to -3, and cyclophosphamide 140 mg/
kg day -6 to -3). Stem cells were infused during a period of 24 
h on day 0 after completion of the conditioning regimen. At 
the time of reinfusion, all apheresis stem cells were assessed 
for viability by the trypan blue staining method. Aliquots of 
apheresis products were also tested for bacterial contamination 
before storage and at the time of reinfusion. Patients received 
a daily injection of G-CSF 5-10 g/kg/d starting 3-5 days after 
stem cell infusion and continued until neutrophil engraftment.

After transplantation, all patients were hospitalized in an iso-
lated high positive pressure room to prevent airborne parti-
cles traveling into the room, which would contaminant the 
surrounding environment. During transplantation, patients re-
ceived antiviral, antifungal, and antibacterial prophylaxis on 
the day of starting the conditioning regimen until the day of 
neutrophil engraftment.

Definitions and Evaluation

Neutrophil engraftment was defined as an absolute neutrophil 
count ≥500/mm3 for 3 consecutive days. Platelet engraftment 
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was defined as a platelet count ≥20 000/m3 for 3 consecutive 
days and no transfusions for 7 days. Adverse events were grad-
ed according to the Common Terminology Criteria for Adverse 
Events version 4.

Statistical Analysis

Study data were analyzed using SPSS version 28.0 (IBM, SPSS, 
Inc., Chicago, IL, USA) and Stata version 17.0 (StataCorp LLC, 
TX, USA). Before analysis, subjects with incomplete data were 
removed from the dataset. Continuous data are presented as 
mean or median with range. Categorical data are presented 
as number and percentage for baseline characteristics, trans-
plant parameters, and peri-transplant outcomes. The cumu-
lative incidence function (CIF) with competing risk regression 
analyses of relapse and mortality after transplantation were 
calculated using the Fine-Grey model [11]. OS was calculated 
as the time interval from the date of transplantation to the 
date of death or last follow-up, and progression-free surviv-
al (PFS) was calculated as the time interval from the date of 
transplantation to the date of relapse or last follow-up. Survival 
times were analyzed by the Kaplan-Meier method and log-rank 
test. Multivariate analyses for survival were performed using 
a Cox regression model. Differences were considered statisti-
cally significant when the P values were <0.05.

Results

Viability of Non-Cryopreserved Stem Cell Graft

Non-cryopreserved ASCT was initiated in our center in 1995 
using PBSC graft. In the early phase, the viability of each stem 
cell product was assessed daily using the trypan blue exclu-
sion test after storage in a 4°C conventional blood bank re-
frigerator to confirm the feasibility of non-cryopreserved HSCT. 
Of the preliminary 37 patients, the stem cell products were 
stored for a median of 6 days (range 4-7 days) with a medi-
an viability of 92% (range 82-98%). The viability results of the 
stored stem cell products are shown in Figure 1. The prelimi-
nary results indicated that the stem cell products had accept-
able viability in a non-cryopreserved liquid storage environ-
ment for up to 7 days and feasible to use in long schedules 
of high-dose chemotherapy, especially in lymphoma patients.

Demographic Data

Of a total of 81 patients who received ASCT during January 
1996 to March 2021, 58 patients had adequate data and 
were reviewed in this cohort. Eighteen and 40 patients were 
diagnosed as having lymphoma and multiple myeloma, re-
spectively. Nineteen patients were excluded due to insuffi-
cient data to review. The baseline patient characteristics are 
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Figure 1.  Viability of stored stem cell products. (Stata software, version 17.0, StataCorp LLC, TX, USA).
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shown in Table 1. The median age of the myeloma patients 
was older than in the lymphoma group. Compared to my-
eloma patients, the lymphoma patients were predominant-
ly male. In both subgroups, the majority of the patients were 
diagnosed as advanced stage. All patients received pre-trans-
plant induction chemotherapy and were mostly in remission 
prior to transplantation. The median times from diagnosis to 
ASCT were 15 and 20 months in the myeloma and lymphoma 
groups, respectively. High-dose cyclophosphamide following 

by G-CSF was frequently used in the mobilization regimen in 
both groups. High-dose melphalan was used as the condition-
ing regimen for all myeloma patients, while the BEAM regimen 
was mainly used in lymphoma patients.

Transplant Parameters and Outcomes

The transplant parameters are summarized in Table 2. The 
median number of days of stem cell harvest was 1 day (range 

Myeloma (n=40) Lymphoma (n=18)

Median age, years (range)  57 (45-73)  34 (17-60)

Gender (male to female ratio)  17: 23 (1: 1.35)  15: 3 (5: 1)

ISS risk (n=38)
 I
 II
 III

 10 (26.3)
 11 (28.9)
 17 (44.7)

Lymphoma stage (n=17)
 II
 III
 IV

 4 (22.2)
 2 (11.1)
 11 (61.1)

Median number of chemotherapy regimens received before ASCT 
(range)

 1 (1-3)  2 (1-5)

ECOG score
 PS 0
 PS 1
 PS 2

 19 (47.5)
 21 (52.5)

 2 (11.1)
 15 (83.3)
 1 (5.6)

HCT-CI score
 0
 1-2
 3

 20 (50)
 17 (42.5)
 3 (7.5)

 8 (44.4)
 10 (55.6)

Pretransplant disease status
 CR
 VGPR
 PR 

 28 (71.8)
 1 (2.6)
 10 (25.6)

 13 (72.2)

 5 (27.8)

Median time from diagnosis to ASCT, months (range)  15 (5-100)  20 (5-97)

Stem cell mobilization regimen
 Cyclophosphamide/G-CSF
 Cyclophosphamide/Etoposide/G-CSF
 ICE/G-CSF

 37 (92.5)
 3 (7.5)

 14 (77.8)
 3 (16.7)
 1 (5.6)

Conditioning regimen
 Melphalan 140 mg/m2

 Melphalan 200 mg/m2

 BEAM
 Others

 12 (30)
 28 (70)  2 (22.2)

 8 (44.4)
 6 (33.4)

Table 1. Patient characteristics.

Data are presented as n (%) unless otherwise indicated. ISS – international staging system; ASCT – autologous stem cell 
transplantation; ECOG – Eastern Cooperative Oncology Group; PS – performance status; HCT-CI – hematopoietic cell transplant-
comorbidity index; CR – complete response; VGPR – very good partial response; PR – partial response; G-CSF – granulocyte-colony 
stimulating agents; ICE – ifosfamide-carboplatin-etoposide; BEAM – BCNU-etoposide-cytarabine-melphalan.
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Myeloma (n=40) Lymphoma (n=18)

Median days of stem cell harvest (range)  1 (1-3)  2 (1-5)

Median days from apheresis to reinfusion (range)  2 (2-4)  8 (3-11)

CD34+ cell dose (million/kg)  7.59 (4.6-34)  6.9 (4-25)

CD34+ cell viability before infusion (%)  99.1 (97.5-99.8)  97.1 (94-98.2)

Median time to neutrophil engraftment, days (range)  9 (7-19)  13 (8-53)

Median time to platelet engraftment, days (range)  11 (7-18)  14 (8-61)

Incidence of graft failure  0  2 (11.1)

Number of packed cell units transfused (range)  2 (0-8)  5 (1-37)

Number of platelet transfusion episodes (range)  3 (0-20)  7.5 (1-37)

Extra-hematopoietic toxicities

Oral mucositis
 Grade 1-2
 Grade 3-4

 26 (65)
 21 (52.5)
 5 (12.5)

 15 (83.3)
 10 (55.5)
 5 (27.8)

Febrile neutropenia
 Grade 1-2
 Grade 3-4

 38 (95)
 38 (95)

 17 (94.4)
 14 (77.8)
 3 (16.7)

Nausea/vomiting (all grades)  40 (100)  18 (100)

Diarrhea (all grades)  30 (75)  10 (55.6)

Pulmonary dysfunction (all grades)  1 (2.5)  3 (16.7)

Neurological dysfunction (all grades)  2 (11.1)

Engraftment syndrome  1 (10)  1 (5.6)

Veno-occlusive disease  1 (5.6)

Documented biological infection
 No organism identified
 Bacterial
 Viral

 29 (72.5)
 9 (22.5)
 2 (5)

 11 (61.1)
 7 (38.9)

Septic shock  1 (2.5)  4 (22.2)

ICU admission  1 (2.5)  4 (22.2)

Need mechanical ventilator  1 (2.5)  3 (16.7)

Transplantation outcomes

Disease response after transplantation
 CR
 VGPR
 PR
 PD
 Indeterminate

 34 (85.0)
 5 (12.5)

 1 (2.5)

 14 (77.8)

 1 (5.6)
 1 (5.6)
 2 (11.1)

Cumulative incidence of relapse (%)
 5-year
 10-year

 34.4
 47.9

 19.1
 28.0

Cumulative incidence of mortality (%)
 1-year
 4-year

 4.5
 5.9

 24.3
 30.9

Table 2. Transplant parameters and peri-transplant outcomes.
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1-3) and 2 days (range 1-5) in the myeloma and lymphoma 
groups, respectively. The median CD34+ cells in myeloma and 
lymphoma were 7.59 million/kg (range 4.6-34) and 6.9 million/
kg (range 4-25), respectively. The pre-infusion stem cell via-
bility rates were above 97% in both groups. There was no in-
cidence of bacterial contamination in stem cell products. The 
median time from apheresis to reinfusion was 2 days in my-
eloma patients and 8 days in lymphoma patients. No adverse 
events occurred between stem cell collection and conditioning 

in which the stem cell transplantation was interrupted or de-
layed in this cohort. Engraftment failure was observed in 2 lym-
phoma patients; both patients were diagnosed with stage IV 
mantle cell lymphoma with bone marrow involvement and pe-
ripheral T-cell lymphoma, respectively. The adequate stem cell 
dosages were reinfused after the conditioning regimen (total 
CD34+ cells were 5.6 and 25.0 million/kg, respectively, after 
mobilization). Unfortunately, they developed septic shock re-
lated to blood stream and gastrointestinal tract infections and 

Table 2 continued. Transplant parameters and peri-transplant outcomes.

Myeloma (n=40) Lymphoma (n=18)

Status at last follow-up
 Alive with remission
 Alive with on treatment
 Lost to follow-up
 Death

 27 (67.5)
 2 (5)
 3 (7.5)
 8 (20)

 10 (55.6)

 1 (5.6)
 7 (38.6)

Cause of death
 Cancer-related
 Complication from therapy
 Others

 4 (50)

 4 (50)

 1 (14.3)
 2 (28.6)
 4 (57.1)

Data are presented as n (%) unless otherwise indicated. CD – cluster of differentiation; ICU – Intensive Care Unit; CR – complete 
response; VGPR – very good partial response; PR – partial response; PD – progressive disease.

Relapse

Analysis time: year

Competing risk regression

0 5 10 15
Analysis time: year

0 5 10 15

1

.75

.50

.25

0

Cu
m

ula
tiv

e i
nc

ide
nc

e

1

.75

.50

.25

0

Cu
m

ula
tiv

e i
nc

ide
nc

e

MM

Lymphoma
Lymphoma

MM

Mortality

Figure 2.  The cumulative incidence function with competing risk regression analyses of relapse and mortality after transplantation. 
(Stata software, version 17.0, StataCorp LLC, TX, USA).
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died shortly after transfer to the intensive care unit. The medi-
an times of neutrophil engraftment and platelet engraftment 
in the myeloma and lymphoma patients were 9 days (range 
7-19) and 13 days (range 8-53) and 11 days (range 7-18) and 
14 days (range 8-61), respectively.

At the peri-transplant period, the median number of packed 
cells and platelet transfusions were 5 and 7.5 units in the lym-
phoma group, which were higher than in the myeloma group. 
Extra-hematopoietic toxicities occurred in 65% of the myelo-
ma patients and 83% of the lymphoma patients, which man-
ifested as grade 1-2 mucositis in most patients during trans-
plantation. All patients experienced some nausea or vomiting, 
while half of the patients developed diarrhea. In both groups, 
febrile neutropenia occurred in more than 95% of patients 
and most were grade 1-2. Although no organism was identi-
fied in the majority of cases, bacterial infection was identified 
in one-third of the patients. Severe complications that includ-
ed septic shock and respiratory failure that required inten-
sive care unit and mechanical ventilator support in this cohort 
were observed in 5 patients (1 myeloma and 4 lymphoma). 

Engraftment syndrome was observed in only 2 patients: 1 in 
each group. Veno-occlusive disease was diagnosed in 1 lym-
phoma patient. All patients with complications were clinically 
diagnosed without pathological confirmation.

Transplantation Outcomes

The transplant outcomes are summarized in Table 2. Eighty-
five percent of the myeloma patients were in complete re-
mission and 12.5% were in very good partial remission after 
transplantation. In the lymphoma patients, 77% were in com-
plete remission and 5.6% were in partial remission. After trans-
plantation, both diseases gradually relapsed, with the 5-year 
CIF of 34.4% in myeloma patients and 19.1% in lymphoma 
patients. Notably, the mortality rate rapidly increased within 
the first year and reached a plateau after 4 years in the lym-
phoma group, with a 4-year CIF of 30.9% compared to 5.9% 
in the myeloma group. The CIF with competing risk regres-
sion analyses of relapse and mortality after transplantation 
are shown in Figure 2.

1.0

0.8

0.6

0.4

0.2

0.0

Survival function
Censored

0 50
Months

100 150

Pr
og

re
ssi

on
-fr

ee
 su

rvi
va

l

1.0

0.8

0.6

0.4

0.2

0.0

Survival function
Censored

0 50
Months

100 200150

Ov
er

all
 su

rv
iva

l

1.0

0.8

0.6

0.4

0.2

0.0

Survival function
Censored

0 50
Months

100 150

Pr
og

re
ssi

on
-fr

ee
 su

rvi
va

l

1.0

0.8

0.6

0.4

0.2

0.0

Survival function
Censored

0 50
Months

100 150

Ov
er

all
 su

rv
iva

l

A

C

B

D

Figure 3.  Progression-free survival and overall survival of myeloma (A, B) and lymphoma (C, D). (SPSS software, version 28.0, IBM, 
SPSS, Inc., Chicago, IL, USA).
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With the median follow-up time of 60 months and 63 months 
(range 7.2-146.2), the median PFS and OS for lymphoma pa-
tients were 123.8 and 130 months, respectively. For the my-
eloma group, the median follow-up time was 38.6 months 
(range 12.9-144.3) and 48.6 months (range 12.91-157.04), 
the median PFS was 99.5 months, and OS was 157 months. 
The survival rates of the myeloma and lymphoma patients 
are shown in Figure 3. At the time of the analysis, the my-
eloma and lymphoma patients were alive with remission in 
67.5% and 55.6%, respectively. Cancer-related death was ob-
served in half of the myeloma patients, whereas one-fourth 
of the lymphoma patients died from therapy-related compli-
cations. We analyzed the effect of various factors on patient 
survival (Table 3). In myeloma, hematopoietic cell transplant 
comorbidity index score, pulmonary complication during ASCT, 
septic shock, and intensive care unit admission significantly 
predicted OS; however, none of them were significant in mul-
tivariate results. In the lymphoma group, engraftment, febrile 
neutropenic grade, pulmonary dysfunction, neurological dys-
function, need for mechanical ventilation, and complete re-
sponse after ASCT were statistically significant to predict OS 

Factor
Univariate Multivariate

PFS OS PFS OS

Myeloma

HCT-CI score p=0.073 p=0.031 – p=1.000

Engraftment p=0.475 p=0.998 – –

Febrile neutropenia grade p=0.481 p=0.524 – –

Pulmonary dysfunction – p<0.001 – p=1.000

Neurological dysfunction – – – –

Septic shock – p<0.001 – –

ICU admission – p<0.001 – –

Need mechanical ventilator – – – –

Complete response after ASCT p=0.563 p=0.095 – –

Lymphoma

HCT-CI score p=0.632 p=0.729 – –

Engraftment p=0.642 p=0.008 – p=0.547

Febrile neutropenia grade p=0.138 p=0.010 – p=0.952

Pulmonary dysfunction p=0.138 p=0.015 – p=0.940

Neurological dysfunction p=0.642 p=0.008 – p=0.910

Septic shock p=0.232 p=0.050 – –

ICU admission p=0.232 p=0.050 – –

Need mechanical ventilator p=0.138 p=0.015 – –

Complete response after ASCT p=0.642 p<0.001 – p=0.907

Table 3. Univariate and multivariate analysis.

PFS – progression-free survival; OS – overall survival; HCT-CI – hematopoietic cell transplant comorbidity index; ASCT – autologous 
stem cell transplantation; ICU – Intensive Care Unit.

in univariate analysis, but none of them were significant in 
multivariate analysis. In addition, none of the factors were as-
sociated with PFS in myeloma and lymphoma patients in both 
univariate and multivariate analyses.

Discussion

The present study demonstrated the feasibility of non-cryo-
preserved stem cell graft for autologous HSCT in both multi-
ple myeloma and malignant lymphoma. Various studies have 
reported success in non-cryopreserved stem cell graft in autol-
ogous HSCT. However, only a study by Kardduss-Urueta et al 
demonstrated a viability of 88% in stem cell grafts after stor-
age before reinfusion, which is essential for lymphoma pa-
tients who need long-term conditioning regimens [3-9]. The 
present study supports the hypothesis that autograft prepa-
rations can be safely and effectively kept at 4°C, with high vi-
ability rates (99.1% and 97.1% for myeloma and lymphoma, 
respectively) up to 7 days before reinfusion.
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In our center, PBSCs were mobilized mainly with cyclophos-
phamide and G-CSF, which was different from other centers, 
where G-CSF alone was frequently used for mobilization. This 
combination regimen demonstrated higher median CD34+ cell 
doses (7.59 million/kg and 6.9 million/kg in myeloma and lym-
phoma, respectively) compared to other centers, which were 
in the range of 2.9-5.7 million/kg [3,4,6-9]. Moreover, stem cell 
apheresis was successful at a median of only 1 or 2 days, which 
is advantageous for lymphoma patients, whose stem cell prod-
ucts need to be kept for over 1 week before reinfusion. Several 
studies reported that the duration of neutrophil engraftment 
was shorter in non-cryopreserved HSCT [4,5] In the present 
study, we also observed early neutrophil and platelet engraft-
ment with lower rates of graft failure, which was possibly due 
to the high stem cell dose and high viability. We also observed 
earlier neutrophil and platelet engraftment in the myeloma 
patients compared to the lymphoma group, which resulted in 
fewer packed cell and platelet transfusions. In this cohort, 2 
lymphoma cases had failure to engraft due to severe infection 
that led to poor outcomes. Compared to previous studies, the 
myeloma patients in this study had high pre-transplant tumor 
burden, as evidenced by the high proportion of international 
staging system stage III, while the disease response after trans-
plantation demonstrated greater improvement of disease, as 
observed by the high proportion of very good partial response 
and complete response in 97.5% [4-6,9]. In the current study, 
improvement of disease in the lymphoma group was only an 
increase of 5% in the complete response rate.

We observed a lower overall incidence of oral mucositis than 
in previous studies, which predominantly affected lymphoma 
patients due to the high-intensity conditioning regimen [4,12]. 
Previously, serious complications, such as respiratory failure 
or neurological dysfunction, were reported in about 2% of my-
eloma patients, which was similar to our study [9]. While none 
of the myeloma patients in our cohort developed grade 3-4 
febrile neutropenia, septic shock and respiratory failure were 
observed in 20% of the lymphoma patients, which was pos-
sibly related to the high-intensity conditioning regimen and 
chemotherapy regimens received before ASCT.

After transplantation, the cumulative incidence of relapse gradu-
ally increased over time and finally reached a plateau at around 
7 years, and we observed a tendency of higher relapse rate in 

myeloma compared to lymphoma patients. In terms of surviv-
al, the mortality rate rapidly increased within the first year and 
reached a plateau 4 years after transplantation, especially in 
the lymphoma group. To the best of our knowledge, limited in-
formation is available on long-term survival outcomes in non-
cryopreserved HSCT. However, the current study demonstrated 
long-term PFS and OS in both myeloma and lymphoma patients 
compared to previous reports, while none of the studied fac-
tors significantly predicted survival [3,4,9]. Our study has cer-
tain limitations – we enrolled a small number of patients and 
did not compare the outcomes between cryopreserved and 
non-cryopreserved stem cell transplantation. Therefore, a ran-
domized control study including more patients or multicenter 
studies are required to confirm our results.

Conclusions

Non-cryopreserved autologous HSCT is feasible, effective, and 
safe to perform in multiple myeloma and lymphoma patients. 
Using this simple non-cryopreserved procedure, many viable 
stem cells with a short duration of hematological reconstitu-
tion can be obtained, which promotes non-cryopreserved HSCT 
as an alternative and useful procedure, particularly in areas 
with logistic constraints and limited resources.
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