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What is already known on 
this topic?

•	 Higher volumes of clonal 
plasma cells measured in 
autologus grafts before cryo-
preservation is associated 
with earlier relapse after 
transplantation 

What this study adds on 
this topic?

•	 A repeat measurement of 
plasma cell content in the 
autograft after cryopreserva-
tion and thawing is a simple 
and feasible method to poten-
tially enhance the prognos-
tic accuracy of measuring 
plasma cell contamination in 
autografts

Abstract
Objective: Plasma cell contamination in freshly collected autografts has been rigorously investigated as a 
marker to identify patients at a high risk of progression after autologous stem cell transplantation (ASCT), 
with conflicting results. The association between the plasma cell content in thawed autografts and clinical 
outcomes is yet to be studied.

Methods: This was a prospective cohort study; viable plasma cell content in autografts was quantified by 
flow cytometry both before cryopreservation and after thawing to evaluate its correlation with transplant 
outcomes. Multiple myeloma patients undergoing their first ASCT were enrolled. Patients were stratified into 
a low- or high-plasma cell contamination group with a predefined 2:1 ratio based on combined data from 
both time-point measurements. The primary endpoint was progression-free survival (PFS) based on plasma 
cell contamination of autografts.

Results: Forty-nine patients were included in this primary analysis with a median follow-up of 36 months. 
The median age was 57, and key baseline features were evenly distributed between the 2 groups. High-
plasma cell contamination group had a significantly increased risk of progression or death after ASCT 
(3-year PFS: 31.3% vs. 74.7%, hazard ratios (HR)= 6.36, P < .0001), independent of International Staging 
System (ISS), response state, age, and genetic features on multivariate analysis (HR = 8.9, P < .0001). The 
predefined stratification based on data from both time-point cell counts outperformed correlations based 
on single time-point measurements for predicting PFS. Twenty-eight of 49 patients were found to have more 
than a 50% reduction in plasma cell/stem cell ratio in the autograft after thawing. These 28 cases had a 
significantly lower risk of progression or death after ASCT compared to the remaining 21 cases (HR = 0.38, 
P = .042).

Conclusion: This is the first study to evaluate post-thaw autograft plasma cell content as a risk factor for 
ASCT failures. Findings support its clinical relevance and encourage further studies to incorporate this 
potential marker into predictive models.

Keywords: Autologous transplantation, cancer, multiple myeloma, plasma cells

Introduction
The standard management of medically fit patients diagnosed with multiple myeloma (MM) consists 

of induction therapy followed by autologous stem cell transplantation (ASCT).1-5 This sequence of 
initial management has remained similar for over 2 decades, despite tremendous developments in the 
field with novel targeted drugs.1,3,6-10 The efficacy, tolerability, and expanding diversity of the therapeutic 
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armamentarium have advanced to such a degree that the role and 
optimal timing of ASCT are increasingly subject to debate.9-13

A fraction of patients progress early after ASCT and face the conse-
quences of its toxicities without deriving any benefit.6,14,15 This sub-
set of patients has been difficult to identify, and outcomes have most 
consistently been correlated with the depth of response to frontline 
therapy or genetic aberrations.14,16-18 Despite significant develop-
ments in the treatment landscape, early transplant failures are still 
feared, and reliable identification of patients unlikely to benefit spe-
cifically from ASCT remains an evolving area of research.15,18,19

Contamination of autologous grafts with malignant plasma cells 
has intrigued researchers as a potential mechanism for relapse 
after ASCT.20-25 Some studies have found significant correlations 
between flow cytometric evidence of a high number of plasma 
cells in autografts with inferior clinical outcomes.21,25-28 Studies that 
evaluated autograft purging have reported conflicting results29,30 
and autograft plasma cell content has not been validated as a 
robust variable for predictive modeling.1,18,19

Autografts used for ASCT undergo routine processing before 
they are infused, including the addition of Dimethyl sulfoxide 
(DMSO), exposure to extreme cold temperatures, and thawing.31 
The previous studies quantified plasma cells exclusively prior to 
cryopreservation.21,23,25,26,30,32 Considering that plasma cells can be 
sensitive to in-vitro manipulations,33,34 it was hypothesized that a 
second plasma cell quantification after thawing may provide addi-
tional information and contribute to an ASCT-specific predictive 
model. To test this hypothesis, a single-center prospective cohort 
study was conducted. Its findings will be described and discussed 
in this paper.

Methods
This was designed as a prospective, observational study at a sin-

gle transplant center. All MM patients undergoing first, single ASCT 
were consecutively included on the day of the first leukapheresis.

The in-house protocols for ASCT in MM, practiced for over 20 
years, included stem cell quantification by flow cytometry imme-
diately before cryopreservation and on the day of the transplant 
after thawing. For this study, cell surface markers for CD38 and 
CD138 were added to the routine flow cytometric preparation of 
autograft samples.

For the quantification of stem cells and plasma cells in the 
autografts, a 50µL sample was counted in the Siemens Beckman 
Coulter automatic hematology analyzer for total leukocytes per 
mm3. Another 10µL sample was incubated for 15 minutes at 2-8°C, 
protected from light after the addition of antibodies, CD45 ECD 
(2 µL), CD34 FITC (3 µL), 7-AAD PC5 (2 µL), CD38 PE (2.5 µL), 
and CD138 KrO (3 µL). Following the first incubation, ammonium 
chloride (0.5 mL) was added for erythrocyte lysis and the sample 
was incubated for an additional 7 minutes. This prepared mixture 
was run through the multicolor flow cytometry device Beckman 
Coulter Navios Ex V2.0 (10 colors, 3 lasers), targeting 500,000 
events for each sample. The Kaluza C software was used for the 
processing and analysis of flow cytometric data. Viable cells were 
gated initially at the time-SS plots. Stem cells were quantified in 
accordance with the ISHAGE protocol (Figure 1). Plasma cells 
were quantified by 2 researchers (TE, MÇ), both highly experi-
enced in operating and analyzing flow cytometry. The 2 opera-
tors of flow cytometric output were not blinded to each other and 
only 1 plasma cell/stem cell ratio was documented per measure-
ment after a consensus was reached between the 2 operators. 
Plasma cells and stem cells within the sample were quantified and 
recorded immediately. Following a planned preliminary analysis 
of flow cytometric data from the first 10 cases, the plasma cell-
to-stem cell ratio was designated as the primary parameter for 
assessing plasma cell contamination. Plasma cell/stem cell ratio 
was preferred over absolute plasma cell counts to facilitate the 
development of a simplified, user-friendly predictive model. The 
rationale was based on the fact that stem cell doses are routinely 

Figure 1.  Flow cytometric diagrams of 1 subject, demonstrating steps and gating for stem cell and plasma cell quantification.
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adjusted according to patient body weight and maintained within 
a narrow range of 2.5–5 × 106 cells/kg, whereas plasma cell counts 
exhibited substantial inter-patient variability. For confirmatory pur-
poses, the absolute numbers of stem cells and plasma cells in each 
autograft were also calculated using leukocyte counts obtained 
from an automated hematology analyzer in conjunction with the 
total autograft volume. The same quantification procedure was 
repeated on the day of ASCT using a sample from the thawed auto-
graft, and all measurements were systematically recorded.

The primary endpoint of the study was progression-free survival 
(PFS) in relation to the plasma cell contamination of the autograft. 
Secondary endpoints included PFS stratified by plasma cell/stem cell 
ratio at each measurement and based on a decrement (50%) of the 
plasma cell/stem cell ratio from pre-cryopreservation to post-thaw.

The ratio of plasma cells to stem cells in the autograft was pre-
defined to stratify patients into groups for the analyzed endpoints. 
Regarding the primary endpoint, “plasma cell contamination” in 
the autograft was predefined in the study protocol as a composite 
function of both measurements before cryopreservation and after 
thawing, with the aim of categorizing patients into low and high 
levels of contamination with a 2:1 ratio. This stratification was for-
mulated in 2 steps. First, patients with an autograft plasma cell/
stem cell ratio within the top 66th percentile in the measurement 
pre-cryopreservation were selected. Among this subset, those 
with a post-thaw plasma cell/stem cell ratio above the median 
were classified as the high plasma cell contamination group. The 
remaining cases were assigned to the low plasma cell contami-
nation group. The primary analysis was planned after a median 
follow-up of 36 months.

Statistical Analysis
Based on retrospective data from the same center, a 50% rate 

of PFS events was assumed within 3 years of ASCT.17 In alignment 
with the predefined 2:1 stratification ratio, a sample size of 60 
patients was calculated to correspond to an 80% power to sig-
nificantly detect a hazard ratio of 3 for the group of patients with 
a high-plasma cell contaminated autograft using a 2-tailed alpha 
level of 5%.

Background data was presented with descriptive statistics using 
frequency and the median. Response states and progression were 
defined in accordance with the IMWG 2014 criteria.34 Progression-
free survival was defined as the time from ASCT to documentation 
of disease progression or death. Patients without a PFS event were 
censored at the time of the last clinical visit. The Kaplan–Meier 
method was used to generate time-to-event plots. Hazard ratios 
(HR) were calculated by Cox regression to determine statistical 
significance in survival analyses. High-risk genetic anomalies were 
defined as (+1q, t(4,14), t(14,16), del 17p). The multivariate analy-
sis was modeled based on univariate analysis results, with indi-
vidual variables of potential association to post-transplant PFS (P < 
.2) included in the final multivariate model. The CI was 95% for all 
statistical analyses, considering 2-sided P values <.05 significant. 
IBM-SPSS version 20 was used for statistical analysis.

Ethics Statement
All patients signed informed consent for the anonymous use 

of their medical data for research purposes. The study received 
ethical approval from the institutionalİstanbul University-
Cerrahpaşa Clinical Research Ethical Board on July 6th, 2021 
(Approval No: E-83045809-604.01.02-133973, Confirmation 
Code: BSVHT8PCU2). No patient photo, radiological image, or 
any potential individual identifier was used in the preparation of 
this manuscript.

Results
Patients were enrolled between 2021 and 2023, and recruit-

ment was prematurely terminated following the February 6, 2023, 
earthquakes in Türkiye, which led to the temporary closure of 
the transplant unit for up to 1 year to support urgent operational 
needs. Outpatient follow-up was continued regularly. Overall, 52 
patients were initially enrolled following leukapheresis. However, 
2 patients succumbed to COVID-19 infection after stem cell col-
lection, before receiving ASCT. The flow cytometric readout of 1 
patient did not meet the quality standards and was excluded from 
analysis. As a result of these exclusions and early termination of 
patient recruitment, 49 patients were included in the follow-up 
and primary analysis of this study.

The median age was 57 years; all patients had undergone leu-
kapheresis within 2 months from the end of induction therapy, and 
there was a slight male predominance (Table 1). Only 2 patients 
received chemo-mobilization, and the remaining 47 received 
growth factor with or without plerixafor for stem cell collection. 
Baseline characteristics, including ISS stage, genetic aberrations, 
age, paraprotein type, extent of bone marrow infiltration, and the 
number of infused stem cells, were evenly distributed between the 
2 groups stratified by plasma cell contamination in the autograft 
(Table 1). Bortezomib-cyclophosphamide-dexamethasone (VCD) 
was the first-line regimen in all but 3 cases, who received bort-
ezomib-lenalidomide-dexamethasone (VRD). Second- and third-
line regimens were administered to 61.2% and 16.3% of patients, 
respectively, before ASCT. All patients received at least 3 cycles of 
bortezomib-based regimens (VCD-VRD), and 61.2% received at 
least 3 cycles of lenalidomide-containing regimens, which included 
combinations with either bortezomib, carfilzomib, or daratumumab. 
Deeper responses were slightly more common in the group with 
lower plasma-cell contamination; however, the vast majority had a 
very good partial remissiom or better response at the time of ASCT 
in both groups and received lenalidomide maintenance (Table 1).

Regarding the primary endpoint, 33 patients were classified into 
the low-plasma cell contamination group and 16 were classified 
into the high plasma cell contamination group based on the pre-
defined 2:1 stratification ratio. All patients in the high-contami-
nation group exhibited a plasma cell-to-stem cell ratio exceeding 
1:29 in both pre-cryopreservation and post-thaw measurements. In 
contrast, for the low-plasma cell contamination group, the plasma 
cell/stem cell ratio was below this threshold in 25 of 33 pre-cryo-
preservation and all post-thaw measurements. After a median fol-
low-up of 36 months, the 3-year PFS was 74.7% vs. 31.3% in favor 
of the low-plasma cell contamination group. This translated to a 
significantly increased risk for disease progression or death for the 
high-plasma cell contamination group with a HR of 6.36 (95% CI 
= 2.3-17.7, P < .0001, Figure 2a). The difference was similar when 
patients not receiving lenalidomide maintenance (n = 9) were 
excluded (HR = 6.27, P = .004). Preliminary univariate analyses to 
generate a multivariate model revealed a potential association of 
ISS (HR = 1.61, P = .099), response state before ASCT (HR = 2.29, 
P = .07), high-risk genetics (HR = 1.88, P = .19), and age (HR = 
1.18, P = .18) with post-transplant PFS. These were included in 
the multivariate model. Lenalidomide maintenance (HR = 0.58, 
P = .27), number of lines of therapy before ASCT (HR = 0.87 P = 
.64), number of infused stem cells per weight (HR = 0.96 P = .84), 
gender (HR: 0.98. P = .96), and bone marrow plasma cell ratio at 
diagnosis (HR = 0.97, P = .45) were not considered potentially 
associated with post-transplant outcomes and were excluded from 
the multivariate model. Plasma cell contamination was indepen-
dent of ISS, response state, high-risk genetic anomalies, and age in 
multivariate Cox regression analysis (Figure 2b).



4

Yılmaz et al. Autograft Plasma Cells and ASCT Outcomes

Table 1.  Selected Baseline Features, Response Rates, Mobilization Data, Cell Counts, Post-transplant Management Across the Entire Cohort and Between 
the 2 Groups Based on Plasma Cell Contamination in Autografts

Feature
Study Cohort  

(n = 49)
High Plasma Cell 

Contamination (n = 16)
Low Plasma Cell 

Contamination (n = 33)

Median age (IQR)a 57 (49-64) 60 (53-62) 56 (47-64)

Female/Male (n/n) 20/29 7/9 13/20

ISS 1
ISS 2
ISS 3

34.1%
29.5%
36.4%

37.6%
31.2%
31.2%

32.1%
28.6%
39.3%

IgG type myelomaa

Kappa/Lambda
51%
1.58

56.2%
1.67

48.5%
1.54

Bone marrow infiltration >50%a

High-risk cytogeneticsb
51%

%18.4
43.7%
18.7%

54.5%
18.2%

Response CR/VGPRc

Response PRc
83.7%
14.3%

75%
18.7%

87.7%
12.3%

Plerixafor use 30.6% 31.2% 30.3%

Median plasma/stem cell ratio in graft before cryopreservation 1/23.2 1/6.1 1/46.3

Median plasma/stem cell ratio in graft after thawing 1/27 1/10.2 1/118.6

Median no. of stem cells infused x106/kg (IQR) 3.4 (2.9-4.75) 3.3 (2.8-4.7) 3.4 (3-4.8)

Median no. of days from apheresis to ASCT (IQR) 31 (24-60) 38 (28-60) 29 (24-60)

Mel200/Mel140 45/4 14/2 32/2

Engraftment (median day, IQR) +10 (10-11) +10 (10-11) +10 (10-11)

Lenalidomide maintenance 81.6% 81.8% 81.2%

aAt the time of diagnosis.
bt(4,14), t(14,16), +1, del17p.
cLast evaluation before mobilization.
ISS; International Staging System, ASCT, autologous stem cell transplantation; CR, complete remission; IQR interquartile range; Mel200, melphalan 
200mg/m2; Mel140, melphalan 140mg/m2; PR, partial remission; VGPR, very good partial remissiom.

Figure 2.  Kaplan Meier curve. (a) comparing groups of patients based on the level of plasma cell contamination defined by information 
from both measurements before cryopreservation and after thawing. Forest plot (b) demonstrating hazard ratio and 95% confidence 
interval for the risk of progression or death based on multivariate Cox regression analysis.
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Plasma cell/stem cell ratios as single measurements before 
cryopreservation or after thawing were also found to significantly 
correlate with PFS; however, the separation of curves was less 
pronounced compared to stratification based on combined data 
from both measurements. The HR for progression or death was 
3.1 (95% CI = 1.3-7.7, P = .013, Figure 3a) and 4.2 (95% CI = 
1.6-10.8, P = .003, Figure 3b) for patients in the highest 33rd per-
centile in measurements before cryopreservation and after thaw-
ing, respectively.

As an exploratory endpoint, a significant reduction (>50%) in 
the plasma cell/stem cell ratio between the pre-cryopreservation 
and post-thaw measurements was observed in 28 of 49 cases. 
Upon further analysis, viable stem cell counts were within 8.4% of 
the initial values, indicating that the observed decline in the ratio 
was attributable to the decrease in plasma cell viability follow-
ing the in-vitro manipulations, including the addition of DMSO, 
cryopreservation, and thawing. The 2-year PFS was 85.4% versus 
61.9%, favoring the 28 patients with more than 50% decline in 

Figure 3.  Kaplan Meier curves comparing patients based on the ratio of plasma cells/stem cells quantified before cryopreservation (a) 
and after thawing (b.

Figure 4.  Kaplan Meier curves comparing PFS based on the decline of the plasma cell/stem cell ratio from the measurement before 
cryopreservation to the measurement post-thaw.
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plasma cell/stem cell ratio after thawing (HR = 2.6, 95% CI = 1.1-
6.5, P=  .042, Figure 4).

Discussion
This paper presents the primary analysis of a prospective cohort 

study, investigating the predictive accuracy of autograft plasma cell 
contamination for ASCT outcomes in MM. Measuring plasma cells 
in thawed autografts was a novel method authentic to this study. 
Forty-nine patients were included, and after a 36-month median 
follow-up from ASCT, patients classified to the high-plasma cell 
contamination group demonstrated a significantly increased risk 
of progression or death. While the plasma cell/stem cell ratios at 
single time-point measurements, either before cryopreservation or 
after thawing, were correlated with outcomes, the predefined strat-
ification using combined data from both time-point measurements 
outperformed single measurements as a predictor of transplant 
outcomes. Importantly, high levels of plasma cell contamination 
of the autograft were found independent of established markers, 
including ISS, response state, and genetic aberrations as a risk fac-
tor for progression. Patients transplanted with autografts measured 
to have a plasma cell count decline of over 50% after thawing, 
compared to the count before cryopreservation, were found to 
have a 62% lower risk of progression.

As the therapeutic landscape in MM expands, optimizing predic-
tive models specific to ASCT outcomes is becoming increasingly 
relevant in clinical practice to refine the sequencing of thera-
pies.1,3,6,8,9,14,16,35-39 While there is a trend to position novel therapies 
at earlier lines, financial concerns and the availability of long-term 
data support the place of more traditional options such as ASCT 
following induction.1,3,6,7,35,38 Ideally, precise predictive models 
identifying cases least likely to benefit from traditional therapies 
should guide the administration of innovative approaches in earlier 
lines. While poor response to induction therapy and the presence 
of high-risk genetic anomalies are currently the most widely recog-
nized features for unfavorable ASCT outcomes,18,19 recent studies 
revived the interest in autograft plasma cell contamination as a 
prognostic indicator.27,28 One of these studies demonstrated that 
aberrant plasma cells detected in autografts were associated with a 
lower probability of achieving complete remission or measurable 
residual disease (MRD) negativity.27 The other, more recent study 
found that the plasma cell measurements in autografts combined 
with bone marrow MRD information improved prediction based 
on bone marrow MRD alone concerning ASCT outcomes.28 Both 
studies observed contemporary cohorts receiving targeted induc-
tion therapies and evaluated autografts before cryopreservation. 
The findings complement these reports and propose a practical 
and less expensive method to define plasma cell contamination, 
while introducing the concept that a repeat measurement after 
thawing may provide additional useful information as a predictive 
marker.

The findings of this study provide a proof-of-concept for a repeat 
plasma cell quantification of the autograft following completion 
of all in vitro manipulations, at the point when cells are ready for 
infusion. The method used for plasma cell measurement was sim-
plified, incorporating only 2 additional markers beyond the rou-
tine stem cell quantification protocols. Furthermore, the targeted 
number of events in flow cytometry was kept at 500,000, substan-
tially lower than the multiple-million events used in earlier stud-
ies.27,28 This simple method did not allow differentiation between 
malignant and normal plasma cells, limiting the precision of mea-
surements. Nevertheless, the study tested a novel approach incor-
porating a second measurement to compensate for the simplicity of 

the method and arrived at encouraging results, which can be use-
ful when advanced methods are unavailable. The interpretation of 
results is limited by the relatively small sample size, single-center 
design, and the operator-dependent nature of the flow cytometric 
readout, necessitating local expertise. The 2 flow cytometry opera-
tors were not blinded to each other’s calculations, and a lack of 
analysis for interobserver variability can be considered a limitation. 
However, due to the simplicity of the employed methods and the 
use of only 2 cell-surface markers, the calculations were consid-
ered straightforward and significant interobserver variability was 
not reported. The early termination of patient enrollment limited 
the sample size to 82% of the predefined target. However, this did 
not jeopardize the study endpoints as the differences in survival 
comparisons were more pronounced than the initial assumptions, 
yielding significant correlations. Nonetheless, the findings require 
validation from larger, multi-center studies before a standardized 
plasma cell/stem cell ratio threshold for stratification can be estab-
lished. Furthermore, due to the small sample size, the multivariate 
analysis should be interpreted with caution since the study was 
not powered to evaluate the performance of ISS, response state 
at ASCT or genetic features on predicting transplant outcomes. 
The absence of MRD data or plasma cell clonality assessment in 
autografts represents a limitation; however, the study prioritized 
feasibility, aiming to offer a broadly applicable and accessible 
methodology. The biological nature of observed differences in the 
reduction of plasma cell counts between measurements could not 
be determined explicitly with the methods used in the study and 
deserves further exploration in future studies.

To the best of current knowledge, this is the first study to pro-
spectively evaluate plasma cell content of the post-thaw autograft 
as a predictor of ASCT outcomes. Using a simple method, the 
study found promising correlations that encourage further inves-
tigation with post-thaw autograft plasma cell counts. Subsequent 
studies confirming the reproducibility of these findings can pro-
mote autograft plasma cell content as a marker of a robust predic-
tive model specific for ASCT outcomes with potential implications 
for risk-stratification in clinical research and ultimately for treat-
ment sequencing in clinical practice.

Data Availability Statement: The data that support the findings of this study 
are available on request from the corresponding author. The data is not 
publicly available due to privacy or ethical restrictions.

Ethics Committee Approval: Ethics committee approval was received for 
this study from the ethics committee of Istanbul University-Cerrahpaşa 
(Approval No.: E-83045809-604.01.02-133973; Date: 06.07.2021).

Informed Consent: Written informed consent was obtained from all 
patients who participated in this study.

Peer-review: Externally peer-reviewed.

Acknowledgements: The authors thank all patients who participated in this 
observational study as well as the entire staff of the transplantation unit 
including nurses, apheresis technicians, and coordinators for providing a 
high level of standard in patient care. 

Author Contributions: Concept – U.Y., T.E., M.C.A.; Design – U.Y., T.E.; 
Supervision – Z.B., A.E.E., A.S.; Resources – U.Y., M.Ç., Z.B., D.Ö.; Materi-
als – U.Y., M.Ç., D.Ö.; Data Collection and/or Processing – U.Y., M.B., M.Ç., 
T.E., G.Z.; Analysis and/or Interpretation – U.Y., M.B., M.Ç., T.E.; Literature 



7

Cerrahpaşa Med J 2026; 50: 1-8

Search – U.Y., M.B., T.E., A.S.; Writing Manuscript – U.Y., T.E.; Critical 
Review M.C.A., A.S.

Declaration of Interests: Ahmet Emre Eşkazan is a Section Editor at 
Cerrahpaşa Medical Journal, however, his involvement in the peer review 
process was solely as an author. The other authors have no conflict of inter-
est to declare. 

Funding: The authors declare that this study has received no financial 
support.

References
1.	 Dimopoulos  MA, Terpos  E, Boccadoro  M, et  al. EHA–EMN Evi-

dence-Based Guidelines for diagnosis, treatment and follow-up of 
patients with multiple myeloma. Nat Rev Clin Oncol. 2025;22(9):680-
700. [CrossRef] 

2.	 Kazandjian  D. Multiple myeloma epidemiology and survival: A 
unique malignancy. Semin Oncol.. 2016;43(6):676-681. [CrossRef] 

3.	 Beksac M, Hayden P. Upfront autologous transplantation still improv-
ing outcomes in patients with multiple myeloma. Lancet Haematol. 
2023;10(2):e80-e82. [CrossRef] 

4.	 Facon T, Dimopoulos MA, Leleu XP, et al. Isatuximab, bortezomib, 
lenalidomide, and dexamethasone for multiple myeloma. N Engl J 
Med. 2024;391(17):1597-1609. [CrossRef] 

5.	 Sonneveld P, Dimopoulos MA, Boccadoro M, et al. Daratumumab, 
bortezomib, lenalidomide, and dexamethasone for multiple mye-
loma. N Engl J Med. 2024;390(4):301-313. [CrossRef] 

6.	 Ntanasis-Stathopoulos I, Gavriatopoulou M, Kastritis E, et al. Mul-
tiple myeloma: role of autologous transplantation. Cancer Treat Rev. 
2020;82:101929. [CrossRef] 

7.	 Singh S, Sharma R, Singh J, et al. Autologous stem cell transplanta-
tion for multiple myeloma in the novel agent era: systematic review 
of Indian data and implications for resource constrained settings. J 
Cancer Res Ther. 2023;19(suppl):S12-S19. [CrossRef] 

8.	 van de Donk  NWCJ, Moreau  P, San-Miguel  JF, et  al. Optimising 
T-cell immunotherapy in patients with multiple myeloma: practical 
considerations from the European Myeloma Network. Lancet Haema-
tol. 2025;12(8):e635-e649. [CrossRef] 

9.	 Rocchi  S, Zannetti  BA, Marconi  G, et  al. Multiple myeloma: the 
role of autologous stem cell transplantation in the era of immuno-
therapy. Cells. 2024;13(10):853. [CrossRef] 

10.	 Rajkumar  SV. Multiple myeloma: 2024 update on diagnosis, risk-
stratification, and management. Am J Hematol. 2024;99(9):1802-
1824. [CrossRef] 

11.	 Ocio EM, Perrot A, Bories P, et al. Efficacy and safety of isatuximab 
plus bortezomib, lenalidomide, and dexamethasone in patients with 
newly diagnosed multiple myeloma ineligible/with no immediate 
intent for autologous stem cell transplantation. Leukemia. 
2023;37(7):1521-1529. [CrossRef] 

12.	 Mina R, Musto P, Rota-Scalabrini D, et al. Carfilzomib induction, 
consolidation, and maintenance with or without autologous stem-cell 
transplantation in patients with newly diagnosed multiple myeloma: 
pre-planned cytogenetic subgroup analysis of the randomised, phase 
2 forte trial. Lancet Oncol. 2023;24(1):64-76. [CrossRef] 

13.	 Perrot  A, Lambert  J, Hulin  C, et  al. Measurable residual disease-
guided therapy in newly diagnosed myeloma. N Engl J Med. 
2025;393(5):425-437. [CrossRef] 

14.	 Kastritis  E, Roussou  M, Eleutherakis-Papaiakovou  E, et  al. Early 
relapse after autologous transplant is associated with very poor sur-
vival and identifies an ultra-high-risk group of patients with myeloma. 
Clin Lymphoma Myeloma Leuk. 2020;20(7):445-452. [CrossRef] 

15.	 Corre  J, Montes  L, Martin  E, et  al. Early relapse after autologous 
transplant for myeloma is associated with poor survival regardless of 
cytogenetic risk. Haematologica. 2020;105(9):e480-e483. [CrossRef] 

16.	 Keski  H, Merdan  S, Zemheri  IE. Evaluation of CD56 and CD117 
double-positivity as a predictor of poor prognosis in multiple mye-
loma patients: a retrospective analysis. Turk J Haematol. 
2024;41(4):236-245. [CrossRef] 

17.	 Yılmaz U, Erdem Nurcan Ş, Özmen D, et al. Retrospective Study to 
Compare Outcomes in 159 Patients Undergoing First Autologous 
Stem Cell Transplantation for Myeloma Treated with Melphalan 140 
mg/m2 or 200 mg/m2. Ann Transplant. 2025;30:e947186. [CrossRef] 

18.	 Beksac  M, Iacobelli  S, Koster  L, et  al. An early post-transplant 
relapse prediction score in multiple myeloma: a large cohort study 

from the chronic malignancies working party of EBMT. Bone Marrow 
Transplant. 2023;58(8):916-923. [CrossRef] 

19.	 Zhou  H, Jian  Y, Du  J, et  al. Prognostic nomogram for multiple 
myeloma early relapse after autologous stem cell transplant in the 
novel agent era. Cancer Med. 2023;12(8):9085-9096. [CrossRef] 

20.	 Tricot G, Cottler-Fox MH, Calandra G. Safety and efficacy assess-
ment of plerixafor in patients with multiple myeloma proven or pre-
dicted to be poor mobilizers, including assessment of tumor cell 
mobilization. Bone Marrow Transplant [Internet]. 2010;45(1):63-68. 
[CrossRef]

21.	 Kopp HG, Yildirim S, Weisel KC, et al. Contamination of autologous 
peripheral blood progenitor cell grafts predicts overall survival after 
high-dose chemotherapy in multiple myeloma. J Cancer Res Clin 
Oncol. 2009;135(4):637-642. [CrossRef] 

22.	 Stewart  AK, Sutherland  DR, Nanji  S, et  al. Engraftment of gene-
marked hematopoietic progenitors in myeloma patients after trans-
plant of autologous long-term marrow cultures. Hum Gene Ther. 
1999;10(12):1953-1964. [CrossRef] 

23.	 Stewart AK, Vescio R, Schiller G, et al. Purging of autologous periph-
eral-blood stem cells using CD34 selection does not improve overall 
or progression-free survival after high-dose chemotherapy for multiple 
myeloma: results of a multicenter randomized controlled trial. J Clin 
Oncol. 2001;19(17):3771-3779. [CrossRef] 

24.	 Gazitt Y, Tian E, Barlogie B, et al. Differential mobilization of mye-
loma cells and normal hematopoietic stem cells in multiple myeloma 
after treatment with cyclophosphamide and granulocyte-macrophage 
colony-stimulating factor. Blood. 1996;87(2):805-811. [CrossRef] 

25.	 Gertz MA, Witzig TE, Pineda AA, et al. Monoclonal plasma cells 
in the blood stem cell harvest from patients with multiple myeloma 
are associated with shortened relapse-free survival after transplanta-
tion. Bone Marrow Transplant. 1997;19(4):337-342. [CrossRef] 

26.	 Vogel W, Kopp HG, Kanz L, et al. Myeloma cell contamination of 
peripheral blood stem-cell grafts can predict the outcome in multiple 
myeloma patients after high-dose chemotherapy and autologous 
stem-cell transplantation. J Cancer Res Clin Oncol. 2005;131(4):214-
218. [CrossRef] 

27.	 Kostopoulos IV, Eleutherakis-Papaiakovou E, Rousakis P, et al. Aber-
rant plasma cell contamination of peripheral blood stem cell auto-
grafts, assessed by next-generation flow cytometry, is a negative pre-
dictor for deep response post autologous transplantation in multiple 
myeloma; a prospective study in 199 patients. Cancers (Basel). 
2021;13(16):4047. [CrossRef] 

28.	 Attucci I, Peruzzi B, Nozzoli C, et al. Combined minimal residual 
disease evaluation in bone marrow and apheresis samples in multiple 
myeloma patients undergoing autologous stem cell transplantation 
improves outcome prediction. Cancers (Basel). 2025;17(15):2439. 
[CrossRef] 

29.	 Bourhis JH, Bouko Y, Koscielny S, et al. Relapse risk after autologous 
transplantation in patients with newly diagnosed myeloma is not 
related with infused tumor cell load and the outcome is not improved 
by CD34 + cell selection: long term follow-up of an EBMT phase III 
randomized study. Haematologica. 2007;92(8):1083-1090. 
[CrossRef]

30.	 Ho J, Yang L, Banihashemi B, et al. Contaminating tumour cells in 
autologous PBSC grafts do not influence survival or relapse following 
transplant for multiple myeloma or B-cell non-Hodgkin’s lymphoma. 
Bone Marrow Transplant. 2009;43(3):223-228. [CrossRef] 

31.	 Rohner N, Passweg JR, Tsakiris DA, et al. The value of the post-thaw 
CD34+ count with and without DMSO removal in the setting of 
autologous stem cell transplantation. Transfusion. 2019;59(3):1052-
1060. [CrossRef] 

32.	 Lee AJ, Kim SG. Selective purging of human multiple myeloma cells 
from peripheral blood mononuclear cells: a preliminary study. J Blood 
Med. 2019;10:105-109. [CrossRef] 

33.	 Polmear J, Fletcher AL, Good-Jacobson KL. Assessing the survival of 
human plasma cells ex vivo. Methods Mol Biol. 2024;2826:219-230. 
[CrossRef] 

34.	 Drexler HG, Matsuo Y. Malignant hematopoietic cell lines: in vitro 
models for the study of multiple myeloma and plasma cell leukemia. 
Leuk Res. 2000;24(8):681-703. [CrossRef] 

35.	 Tekinalp A, Gedük A, Akdeniz A, et al. Experience of daratumumab 
in relapsed/refractory multiple myeloma: A multicenter study from 
Türkiye. Turk J Haematol. 2023;40(4):242-250. [CrossRef] 

36.	 Vural E, Beksaç M. Current anti-myeloma chimeric antigen receptor-
T cells: novel targets and methods. Balk Med J. 2025;42(4):301-310. 
[CrossRef] 

https://dx.doi.org/10.1038/s41571-025-01041-x
https://dx.doi.org/10.1053/j.seminoncol.2016.11.004
https://dx.doi.org/10.1016/S2352-3026(22)00360-X
https://dx.doi.org/10.1056/NEJMoa2400712
https://dx.doi.org/10.1056/NEJMoa2312054
https://dx.doi.org/10.1016/j.ctrv.2019.101929
https://dx.doi.org/10.4103/jcrt.jcrt_503_22
https://dx.doi.org/10.1016/S2352-3026(25)00117-6
https://dx.doi.org/10.3390/cells13100853
https://dx.doi.org/10.1002/ajh.27422
https://dx.doi.org/10.1038/s41375-023-01936-7
https://dx.doi.org/10.1016/S1470-2045(22)00693-3
https://dx.doi.org/10.1056/NEJMoa2505133
https://dx.doi.org/10.1016/j.clml.2019.10.014
https://dx.doi.org/10.3324/haematol.2019.236588
https://dx.doi.org/10.4274/tjh.galenos.2024.2024.0149
https://dx.doi.org/10.12659/AOT.947186
https://dx.doi.org/10.1038/s41409-023-01999-1
https://dx.doi.org/10.1002/cam4.5630
https://dx.doi.org/10.1038/bmt.2009.130
https://dx.doi.org/10.1007/s00432-008-0499-7
https://dx.doi.org/10.1089/10430349950017310
https://dx.doi.org/10.1200/JCO.2001.19.17.3771
https://dx.doi.org/10.1182/blood.V87.2.805.bloodjournal872805
https://dx.doi.org/10.1038/sj.bmt.1700670
https://dx.doi.org/10.1007/s00432-004-0635-y
https://dx.doi.org/10.3390/cancers13164047
https://dx.doi.org/10.3390/cancers17152439
https://doi.org/10.3324/haematol.10535
https://dx.doi.org/10.1038/bmt.2008.318
https://dx.doi.org/10.1111/trf.15107
https://dx.doi.org/10.2147/JBM.S193467
https://dx.doi.org/10.1007/978-1-0716-3950-4_16
https://dx.doi.org/10.1016/S0145-2126(99)00195-2
https://dx.doi.org/10.4274/tjh.galenos.2023.2023.0029
https://dx.doi.org/10.4274/balkanmedj.galenos.2025.2025-4-25


8

Yılmaz et al. Autograft Plasma Cells and ASCT Outcomes

37.	 Dimopoulos MA, Beksac M, Pour L, et al. Belantamab mafodotin, 
pomalidomide, and dexamethasone in multiple myeloma. N Engl J 
Med. 2024;391(5):408-421. [CrossRef] 

38.	 Kastritis E, Beksac M, Badelita SN, et al. VCd versus VRd in Newly 
Diagnosed Multiple Myeloma: matched Real-World Analysis from the 
Balkan Myeloma Study Group (BMSG). Clin Lymphoma Myeloma 
Leuk. 2025;25(2):e71-e81. [CrossRef] 

39.	 Usmani  SZ, Facon  T, Hungria  V, et  al. Daratumumab plus borte-
zomib, lenalidomide and dexamethasone for transplant-ineligible or 
transplant-deferred newly diagnosed multiple myeloma: the rand-
omized phase 3 CEPHEUS trial. Nat Med. 2025;31(4):1195-1202. 
[CrossRef] 

https://dx.doi.org/10.1056/NEJMoa2403407
https://dx.doi.org/10.1016/j.clml.2024.08.007
https://dx.doi.org/10.1038/s41591-024-03485-7

