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Most patients with multiple myeloma (MM) undergoing autologous hematopoietic stem cell transplantation (autoHCT) eventually
relapse, perhaps due to the presence of clonal plasma cells (CPC) in the autograft. We conducted a retrospective analysis to
evaluate the impact of CPC in the autograft on the outcomes of high-risk chromosomal abnormalities (HRMM) patients undergoing
autoHCT between 2008 and 2018. Patients were divided into CPC+ or CPC− in the autograft by next-generation flow cytometry
(NGF). There were 75 CPC+ autografts (18%) and 341 CPC− (82%). The CPC+ group was less likely to achieve MRD-negative
complete remission post-transplant (11% vs. 42%; p < 0.001). Median progression free survival (PFS) and overall survival (OS) were
(12.8 vs. 32.1 months) and (36.4 vs. 81.2 months) in the CPC+ and CPC− groups, respectively (both p < 0.001). Also in the subset of
patients with MRD-negative ≥VGPR prior to autoHCT, those with CPC+ autografts had inferior PFS (HR 4.21, p= 0.006) and OS (HR
7.04, p= 0.002) compared to CPC-. In multivariable analysis, the degree of CPC positivity in the autograft was independently
predictive of worse PFS (HR 1.50, p= 0.001) and OS (HR 1.37, p= 0.001). In conclusion, both the presence and degree of CPC in the
autograft were highly predictive of inferior PFS and OS.
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INTRODUCTION
High dose chemotherapy and autologous hematopoietic stem cell
transplantation (autoHCT) is considered standard of care as part of
first line therapy for patients with multiple myeloma (MM) [1].
However, patients with high-risk cytogenetic features (high risk
MM, HRMM) have inferior outcomes after autoHCT compared to
patients with standard risk disease. A Center for International
Blood and Marrow Transplant Research (CIBMTR) analysis showed
a 3 year post-transplant progression free survival (PFS) rate of 37%
vs. 49%, and overall survival (OS) rate of 72% vs. 85%, in patients
with HRMM compared to those with standard risk MM,
respectively [2].
The significance of aberrant clonal plasma cells (CPC) in the

autografts collected for autoHCT remains a subject of debate. In a
study of 76 patients reported by Vogel et al., those with CPC graft
contamination of >4.5 × 105 plasma cells/kg body weight by flow
cytometry had a high risk of early disease progression [3]. A
follow-up report found that patients with a high degree of CPC
autograft contamination had inferior OS compared to those with a
low degree of contamination (median OS: 53 vs. 114 months,
respectively) [4]. Several small studies provided conflicting results
regarding the impact of CPC in the autograft on PFS in patients

with MM [5–7]. More recently, a study involving 199 patients
showed that autograft contamination by MM cells was associated
with a higher risk of delaying or not achieving complete remission
(CR) and minimal residual disease (MRD)-negativity post-
transplant [8]. There was no difference in PFS or OS between
the two groups, though the follow-up was relatively short.
In the current study, we conducted a single center retrospective

analysis to evaluate the impact of autograft contamination by MM
cells in patients with HRMM undergoing autoHCT.

METHODS
Study design and participants
We searched our institution’s database for adult patients with HRMM who
underwent autoHCT between 2008 and 2018. Evaluation for CPC by 6-color
next-generation flow cytometry (NGF) was performed on the collected
apheresis products, with a sensitivity of 0.001–0.003% depending on
sample quality. Of note, 4-color flow cytometry was used before 2012, with
a sensitivity of 0.05%. The patients were divided into two groups:
CPC+ and CPC− in the autograft by NGF. Since not all collected autograft
products are infused at autoHCT, and some bags may be CPC+ or CPC−
for the same patient, we also evaluated the impact of infusion of
CPC+ autograft products on patient outcomes. MRD status in bone
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Table 1. Patient characteristics.

Measure Autograft CPC

All Positive Negative p valuea

(N= 416) (N= 75) (N= 341)

Gender, n (%) 0.70

Male 236 (57) 41 (55) 195 (57)

Female 180 (43) 34 (45) 146 (43)

Age at autoHCT (years) 0.032b

Median (Range) 62.4 (31.7–83.0) 63.8 (43.5–83.0) 62.1 (31.7–79.9)

Year of autoHCT, n (%) 0.013

2008–2011 55 (13) 17 (23) 38 (11)

2012–2018 361 (87) 58 (77) 303 (89)

Induction treatment, n (%)

VRD 159 (40) 18 (24) 141 (42) 0.004

VCD 64 (16) 14 (19) 50 (15) 0.38

KRD 64 (16) 11 (15) 53 (16) 1.00

VD 71 (17) 16 (21) 55 (16) 0.31

VTD 6 (1) 4 (5) 2 (1) 0.011

Chemotherapy 16 (4) 2 (3) 14 (4) 0.75

RD 15 (4) 7 (9) 8 (2) 0.009

Other 18 (4) 3 (4) 15 (4) 1.00

Duration of induction, Median (days) 107.0 (19–511) 106.5 (22–511) 111.5 (19–495) 0.37b

Mobilization type, n (%) 0.39

No chemotherapy 348 (84) 60 (80) 288 (84)

Chemotherapy 68 (16) 15 (20) 53 (16)

ISS, n (%) 0.48

I 118 (34) 17 (27) 101 (35)

II 122 (35) 24 (39) 98 (34)

III 107 (31) 21 (34) 86 (30)

Unknown 69 13 56

RISS, n (%) 0.19

I 49 (16) 5 (9) 44 (17)

II 203 (65) 35 (65) 168 (65)

III 59 (19) 14 (26) 45 (18)

Unknown 105 21 84

KPS, n (%) 0.24

<90 165 (42) 35 (49) 130 (41)

≥90 227 (58) 37 (51) 190 (59)

Unknown 24 3 21

HCT-CI, n (%) 0.45

≤3 321 (77) 55 (73) 266 (78)

>3 95 (23) 20 (27) 75 (22)

Conditioning regimen, n (%) 0.73

Bu/Mel based 71 (17) 14 (19) 57 (17)

Mel 345 (83) 61 (81) 284 (83)

Response prior to autoHCT, n (%) <0.001

sCR/CR 55 (13) 1 (1) 54 (16)

nCR/VGPR 179 (43) 23 (31) 156 (46)

PR 135 (32) 31 (41) 104 (30)

SD 13 (3) 3 (4) 10 (3)

PD 17 (23) 17 (5)

MRD prior to autoHCT, n (%) <0.001

Negative 134 (34) 6 (8) 128 (40)
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marrow samples was assessed using 8-color NGF. The sensitivity of our
assay is 1/10−5 cells (0.001%) based on acquisition and analysis of at least 2
million events.
The University of Texas MD Anderson Cancer Center Institutional Review

Board approved this retrospective study. The research was conducted in
accordance with the Declaration of Helsinki and the 1996 Health Insurance
Portability and Accountability Act guidelines.

FISH analysis
Fluorescence in situ hybridization (FISH) was used to identify high-risk
cytogenetic abnormalities of del17p/TP53 deletion, t(4;14)/IGH::FGFR3,
t(14;16)/IGH::MAF, and 1q21/CKS1B gain (3 copies of CKS1B) or amplifica-
tion (≥4 copies of CKS1B). The cut-off values established in our clinical
cytogenetics laboratory were 0.4% for IGH/FGFR3 or IGH::MAF rearrange-
ment; 4.7% for TP53 deletion and 4.2% for monosomy 17.

Statistical methods
We compared the day 100 post autoHCT response, the best response, PFS
and OS between CPC+ and CPC− autograft groups. Response between
CPC+ and CPC− autograft groups was evaluated using Fisher’s exact test,
while response by degree of autograft CPC+ bag infused was assessed by
Wilcoxon rank-sum test. PFS time was computed from autoHCT date to
date of disease progression or death (if died without disease progression)
or the last follow-up date. Patients who were alive and did not experience
progression of disease at the last follow-up date were censored. OS time

was computed from date of autoHCT to last known vital sign, and patients
alive at the last follow-up date were censored. OS and PFS were estimated
using the Kaplan–Meier method, and differences between groups were
assessed using the log-rank test. Associations between outcomes and
variables of interest were determined using univariate and multivariable
Cox proportional hazards regression models.
Statistical analyses were performed using SAS 9.4 for Windows (by SAS

Institute Inc., Cary, NC). All statistical tests used a significance (alpha) level
of 5%. No adjustments for multiple testing were made.

Data sharing statement. The data that support the findings of this study
are available on request from the corresponding author.

RESULTS
Patients and disease characteristics
416 HRMM patients were included in the study, with a median age
of 62.4 years (range 31.7–83.0), and 57% were male. Seventy-five
patients (18%) had CPC+ status while 341 (82%) were CPC−. A
lower percentage of patients in the CPC+ group received the
bortezomib, lenalidomide, and dexamethasone (VRD) induction
regimen prior to transplant compared to the CPC− group (24% vs.
42%, p= 0.004), yet there was no difference in the duration of
induction between the two groups (p= 0.37) A lower percentage
of patients in the CPC+ group achieved ≥VGPR and MRD negative

Table 1. continued

Measure Autograft CPC

All Positive Negative p valuea

(N= 416) (N= 75) (N= 341)

Positive 261 (66) 66 (92) 195 (60)

Unknown 21 3 18

del 17p, n (%) 0.007

Negative 259 (69) 35 (55) 224 (72)

Positive 115 (31) 29 (45) 86 (28)

NA 42 11 31

t(4;14), n (%) 0.71

Negative 114 (59) 22 (63) 92 (58)

Positive 79 (41) 13 (37) 66 (42)

NA 223 40 183

t(14;16), n (%) 0.24

Negative 97 (78) 18 (90) 79 (76)

Positive 27 (22) 2 (10) 25 (24)

NA 292 55 237

Any 1q+, n (%) <0.001

Negative 203 (49) 51 (68) 152 (45)

Positive 213 (51) 24 (32) 189 (55)

Maintenance therapy, n (%) 0.24

Len alone/RD 176 (42) 25 (33) 151 (44)

PI alone 50 (12) 7 (9) 43 (13)

Len+PI 41 (10) 9 (12) 32 (9)

Len+Elo 29 (7) 5 (7) 24 (7)

IMid alone 3 (1) 1 (1) 2 (1)

None 117 (28) 28 (37) 89 (26)

CPC clonal plasma cells, n number, autoHCT autologous hematopoietic stem cell transplant, VRD bortezomib, lenalidomide, dexamethasone, VCD bortezomib,
cyclophosphamide, dexamethasone, KRD carfilzomib, lenalidomide, dexamethasone, VD bortezomib, dexamethasone, VTD bortezomib, thalidomide,
dexamethasone, RD lenalidomide, dexamethasone, KPS karnofsky performance status, sCR stringent complete response, CR complete response, VGPR very
good partial response, PR partial response, SD stable disease, PD progressive disease, MRD minimal residual disease, NA not available, Len lenalidomide, PI
proteasome inhibitor, ELO elotuzumab.
aFisher’s exact test or generalization.
bWilcoxon rank-sum test.
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status after induction compared to the CPC− group (32% vs. 62%;
p < 0.001 and 8% vs. 40%; p < 0.001, respectively). Del[17p] and 1q
+ cytogenetic abnormalities were significantly more prevalent in
patients with CPC+ autografts compared to those with CPC−
autografts (45% vs. 28%, p= 0.007 and 68% vs. 45%, p < 0.001).
There was no significant difference in conditioning regimens used
between the two groups (p= 0.73). Patient characteristics
according to autograft CPC status are summarized in Table 1.

Outcomes
Median follow-up for the whole cohort was 35.7 (range 0.3–139.5)
months. 100-day and best post-autoHCT CR rates in the CPC+ and
CPC− groups were 8% vs. 33% (p < 0.001), and 19% vs. 54%
(p < 0.001), respectively. Patients in the CPC+ group were less likely
to have MRD-negative CR post-transplant (11% vs. 42%; p < 0.001).
Median PFS in the CPC+ vs. CPC− group was 12.8 vs. 32.1 months
(p < 0.001), and median OS was 36.4 vs. 81.2 months (p < 0.001).
The degree of autograft CPC involvement was inversely

associated with post-transplant day 100 response: the maximal
autograft CPC level was 0.02% (standard deviation [SD] 0.02) for
patients who achieved ≥VGPR vs. 1.04% (SD 2.59) for those who
achieved ≤PR at day 100 post-transplant (p= 0.003). Similarly, the
maximal autograft CPC level was inversely associated with best post-
transplant response: mean maximal autograft CPC level was 0.06%
(SD 0.16) for patients who achieved ≥VGPR vs. vs. 1.55% (SD 3.17) for
those who achieved ≤PR (p= 0.004). Pre- and post-transplant
responses for the CPC+ and CPC− groups are depicted in Fig. 1.
When assessing the whole cohort of patients, those with

CPC+ autografts had significantly worse PFS (Fig. 2A, p < 0.001)
and OS (Fig. 2B, p < 0.001) compared to those with CPC- autografts.
Of the patients who achieved ≥VGPR prior to autoHCT, those with
CPC+ autografts had inferior PFS (hazard ratio (HR) [95% CI]: 3.38
[2.05–5.58], p < 0.001; Fig. 2C) and OS (HR 2.29 [1.20–4.40],
p= 0.013; Fig. 2D) compared to the CPC− group. Also in patients
who achieved MRD-negative ≥VGPR prior to autoHCT, those with
CPC+ autografts had inferior PFS (HR 4.21 [1.50–11.81], p= 0.006)
and OS (HR 7.04 [2.05–24.20], p= 0.002) compared to those of the
CPC− group. In a multivariable analysis (MVA), the degree of CPC
positivity in the autograft was independently predictive of worse
PFS (HR 1.50 [1.17–1.90]; p= 0.001) and OS (HR 1.37 [1.13–1.67];
p= 0.001). MVA showed that infusion of CPC+ autograft products

was predictive of worse PFS (HR 2.72 [1.82–4.08]; p < 0.001) but not
significantly worse OS (HR 1.47 [0.86–2.49]; p= 0.16). ISS stage II
and III disease were associated with worse PFS compared to ISS
stage I in MVA [(HR 1.47 [1.05–2.06]; p= 0.026) and (HR 1.55
[1.09–2.21]; p= 0.014), respectively]. HCT-CI score >3 was asso-
ciated with worse OS (HR 1.50 [1.01–2.22]; p= 0.044), whereas
post-transplant maintenance was associated with a trend toward
improved OS (HR 0.68 [0.46–1.00]; p= 0.05) in MVA. MVA for PFS
and OS are shown in Table 2 and Table 3, respectively. Univariate
analyses for PFS and OS are shown in Supplemental Table 1 and
Supplemental Table 2, respectively. Within the CPC− and CPC+
groups, hematological responses prior to autoHCT and at day 100
after autoHCT mostly retained their statistical significance for both
PFS and OS (Supplementary Figs. 1–5 and 7–8). However, within
the CPC+ group, hematological responses prior to autoHCT did
not predict OS (p= 0.60, Supplementary Fig. 6).
Use of chemotherapy for stem cell mobilization did not impact

the rate of CPC- in the collected autografts (83% with and 78%
without chemotherapy; p= 0.39). Eighty-nine percent (n= 141) of
patients who received VRD induction had CPC- autografts,
whereas 78% of patients who received VCD and 83% of those
who received KRD had CPC- autografts (Table 1). Use of VRD for
induction was not associated with improved PFS (HR 1.14
[0.88–1.47]; p= 0.32) or OS (HR 1.08 [0.77–1.51]; p= 0.67)
compared to other induction regimens. Within the subgroup of
patients who received VRD induction, autograft CPC status was
highly predictive of both PFS (HR 3.10 [1.75–5.49]; p < 0.001) and
OS (HR 2.66 [1.33–5.33]; p= 0.006).
Since a different method of CPC detection was used between

2008–2011 (n= 55) and 2012–2018 (n= 361), we repeated the
analyses while excluding patients who were transplanted in the
earlier era and obtained similar results. When considering only
patients transplanted between 2012 and 2018, the CPC+ group
had inferior median PFS (15.4 vs. 35.5 months, p < 0.001) and
median OS (39.3 months vs. OS not reached, p < 0.001) compared
to the CPC− group.

DISCUSSION
To the best of our knowledge, this is the largest study to date to
evaluate the impact of autograft contamination by CPC in patients

sCR/CR/CCR          nCR/VGPR          PR          SD           PD

Autograft CPC- Autograft CPC+   Autograft CPC- Autograft CPC+   Autograft CPC- Autograft CPC+        

tseB001yaDTCHotua-erP

Fig. 1 Hematological responses according to the presence of CPC in the autograft. Disease responses for the CPC+ and CPC− groups prior
to transplant, at day 100 post-transplant and at best response post-transplant.
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with MM undergoing autoHCT. It is also the first to focus only on
patients with HRMM. We found that in patients with HRMM
undergoing autoHCT, presence of CPC in the autograft was
associated with inferior PFS and OS. Furthermore, the degree of
autograft CPC positivity was associated with worse outcomes.
Through MVA, we found a significant association between
autograft CPC positivity and patient outcomes, which was also
observed in patients who had already achieved ≥VGPR or MRD
negative ≥VGPR prior to autoHCT.
Most patients with MM eventually relapse after transplant,

especially those with high-risk cytogenetic abnormalities. Infusion
of CPC in the autograft is considered a potential source of relapse.
Several studies, including meta-analyses, have shown that MRD
detection in the bone marrow by NGF or next-generation
sequencing (NGS), performed at various time points in both
transplant-eligible and ineligible patients, predicts worse out-
comes [9–12]. In addition, separate reports by the EBMT [13] and
the CIBMTR [14] showed lower relapse rates after syngeneic
hematopoietic stem cell transplants compared to autologous
transplants. This could partly be due to the absence of CPC
contamination in syngeneic grafts.
In the present study, patients in the CPC+ group were more

likely to have del17p and less likely to have achieved a VGPR after
induction. However, when the analysis was restricted to CPC+
patients who had achieved ≥VGPR or MRD-negative ≥VGPR after
induction, presence of CPC in the autograft still predicted worse

outcomes. Compared to MRD detection in the bone marrow,
detection of CPC in the autograft is less invasive and is not limited
by focal plasma cell infiltration [15]. Yet, for the most part,
hematological responses prior to autoHCT and at day 100 after
autoHCT within the CPC+ and CPC− groups retained their
predictive impact for both PFS and OS. This is in contrast to an
analysis of the PETHEMA/GEM2012MENOS65 study by Jimenez-
Ubieto et al. that showed that patients with bone marrow MRD
positivity had similarly poor survival outcomes, irrespective of
their hematological response [16].
Bal et al. reported a trend toward higher rates of autograft CPC

negativity in patients who received KRD induction, compared to
VRD (81% vs. 57%, respectively; p= 0.25) [17]. In contrast, we
found a higher rate of autograft CPC negativity in patients who
received VRD. Differences between the study cohorts may account
for these conflicting results, such as our study including only
patients with high-risk cytogenetics, while only 16% of the
patients in the analysis by Bal et al. had high-risk cytogenetics.
There was no significant difference in the median duration of
induction treatment between the CPC+ and CPC− groups,
thereby ruling out the role of longer induction in the CPC− group.
Our study raises the question of whether purging of CPC could

mitigate the adverse impact of CPC in the autografts. Several
preclinical studies have suggested potential efficacy of various
ex vivo purging methods [18–20]. However, clinical experience
with purging in MM has had disappointing results, with several

Fig. 2 Progression free and overall survival according to the presence of CPC in the autograft. A PFS in the entire cohort. B OS in the entire
cohort. C PFS in the subgroup of patients with ≥VGPR prior to transplant. D OS in the subgroup of patients with ≥VGPR prior to transplant.
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trials failing to show an advantage of ex-vivo purging [5, 21]. A
phase III trial published in 2001 demonstrated that CD34 selection
using a Ceprate-R Stem Cell concentrator device resulted in a
3-log reduction in MM cells in the autografts, though this did not
translate into improved PFS or OS [22, 23]. Of note, 40 of the 111
enrolled patients in that study could not be assessed for autograft
contamination due to various technical issues. With the availability
of newer and more reliable technologies, ex-vivo purging of CPC
could be revisited.
Administering chemotherapy prior to autograft collection could

have an in-vivo purging effect, which may reduce CPC in the graft.
However, a study comparing cyclophosphamide-based chemo-
mobilization to growth factor-only mobilization showed increased
toxicity with chemo-mobilization without improving EFS or OS
[24]. A phase I trial examining the role of in-vivo purging by
adding bortezomib to granulocyte colony-stimulating factor (G-
CSF) failed to show any benefit [25]. In our study, we did not
observe a difference in the rate of CPC positivity between chemo-
mobilization or growth factor-only mobilization.
Our study has several limitations. First, being a retrospective

analysis, it has inherent issues with patient and treatment
heterogeneity, missing data, and patient selection bias.
Second, since we focused on patients with HRMM, the findings
may not be applicable to patients with standard risk MM.
Furthermore, the detection of CPC in the autografts was limited
by the sensitivity of the 6 color flow cytometry technique in
most of our cohort. It is possible that a more sensitive method
could identify an even smaller group of CPC− patients, with
deeper response to induction and even better survival
outcomes.

In conclusion, the current study shows a major impact of CPC in
the autograft on post-autoHCT outcomes in HRMM. Both the
presence and degree of CPC in the autograft were highly
predictive of inferior PFS and OS, including in those who had
achieved ≥VGPR and MRD-negative CR or VGPR prior to autoHCT.
Novel strategies for purging of CPC could improve patient
outcomes.

DATA AVAILABILITY
The datasets generated during and/or analyzed during the current study are available
from the corresponding author on reasonable request.
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