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Elevated non-clonal bone marrow plasma cell fraction at
diagnosis is associated with improved outcomes in multiple

myeloma
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In newly diagnosed multiple myeloma (NDMM), current risk stratification relies on cytogenetics and disease burden, but emerging
immune parameters may refine prognosis. While a higher non-clonal plasma cell fraction (NCPF) predicts favorable outcomes in
smoldering myeloma, its relevance in NDMM remains unexplored. We retrospectively analyzed 798 patients with NDMM where
baseline bone marrow aspirates were tested to determine the NCPF, defined as the proportion of non-clonal plasma cells among
total plasma cells. An NCPF = 5% defined the NCPF-Enriched group. NCPF-High was observed in 124 patients (15.5% of all cohort).
Compared to NCPF-Low, NCPF-Enriched patients had lower overall bone marrow plasma cell burden (median 20% vs. 50%,

p < 0.0001), higher rates of hyperdiploidy (71% vs. 59%, p = 0.025), and similar cytogenetic risk. Six-year overall survival (OS) was
significantly higher in NCPF-Enriched (70.3% vs. 56.5%, p = 0.0096), with independent prognostic value in multivariable analysis (HR
0.64, p = 0.03). Progression-free survival was also superior (HR 0.69, p = 0.006) in the NCPF-Enriched cohort in the setting of
comparable treatment approaches. A higher non-clonal plasma cell fraction at diagnosis is independently associated with improved
outcomes in NDMM, highlighting its potential as a novel immune prognostic biomarker warranting further investigation.
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INTRODUCTION

Multiple myeloma (MM) is a clonal plasma cell neoplasm marked by
considerable biological and clinical heterogeneity [1-3]. Despite
therapeutic advances, including proteasome inhibitors, immuno-
modulatory drugs, monoclonal antibodies, and cellular therapies,
MM remains largely incurable, and long-term disease control
remains elusive for a significant subset of patients [4, 5]. Current
risk stratification such as the second revision of the International
Staging System (R2-ISS) and the International Myeloma Society
(IMS)/International Myeloma Working Group (IMWG) risk stratifica-
tion in NDMM relies heavily on cytogenetic abnormalities detected
via interphase fluorescence in situ hybridization (FISH), including
del(17p), t(4;14), t(14;16)/t(14;20), 1q gain/amplification, and
del(1p32), as well as markers of disease burden [3, 6]. However,
these models do not account for the residual normal plasma cells,
which can influence tumor behavior and host response [7]. In
smoldering multiple myeloma (SMM), a clonal plasma cell fraction
>95% is associated with rapid progression, whereas a higher non-
clonal plasma cell fraction (NCPF) is linked to more indolent disease
[8]. Despite these insights in SMM, the prognostic relevance of NCPF
in newly diagnosed MM (NDMM) remains largely unexplored in the
context of other contemporary established high-risk features.

There are several hypotheses postulated to support the
improved prognosis in patients with higher normal/non-clonal
plasma cell fraction. A higher NCPF may reflect a better preserved
immune surveillance capable of restraining malignant plasma cell
expansion and/or reduced infection risk due to maintained
humoral immunity, or a reflection of lower tumor burden [9, 10].
When compared to plasma cells from healthy donors, polyclonal
plasma cells from patients multiple myeloma demonstrate an
upregulation in autophagy and interferon-related pathways, and
these alterations correlated with immunoparesis [11]. In the
current study, we retrospectively analyzed a large cohort of
NDMM patients with available bone marrow flow cytometry data
to investigate the clinical and prognostic significance of NCPF. We
hypothesized that patients with a higher NCPF at diagnosis can be
associated with favorable biological features and improved
survival outcomes.

METHODS

Ethics approval and consent to participate

This study was conducted in accordance with the Declaration of Helsinki
and all methods were performed in accordance with the relevant
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Table 1. Comparison of Baseline Characteristics of Patients with the NCPF-Enriched and NCPF-Low Cohorts.
Parameter NCPF-Enriched
Age at Diagnosis, median (years) 67.5
Sex, % males 61.2
BMPC infiltrate, median (%) 20
250% BMPC, % 16.9
Elevated S-phase fraction (>2%), % 16.9
Cytogenetics
Del(17p), % 15.2
1qg duplication, % 25.6
1(4:14), % 1.5
t(11;14), % 14.3
t(14;16)/1(14;20), % 2.7
Hyperdiploid, % 711
>2 HRCA 11.8
IMS/IMWG High-risk, % 252

Treatment Data
Induction, %

Triplet 79.8
Quadruplet 7
Doublet 13.2
ASCT, % 453
Maintenance Utilized, % 93.9
Maintenance Utilized, %
IMiD 58
PI 17.2
IMIiD + PI 16.1
Daratumumab-+IMiD 8.6

NCPF-Low p-value
67.2 0.88
61.9 0.92
50 <0.0001
55.2 <0.0001
15.6 0.68
12.6 0.44
314 0.2
9.1 0.4
243 0.02
53 0.34
58.8 0.025
13.2 0.76
255 0.94
0.09
72
14.2
13.8
40.5 0.35
89.3 0.2
0.28
50.2
14.7
21
14

ASCT autologous stem cell transplantation, BMPC bone marrow plasma cells on biopsy, HRCA high-risk cytogenetic abnormalities, IMS International Myeloma

Society, IMWG International Myeloma Working Group, P/ proteasome inhibitor.

Bold Values indicates statistically significant difference.

guidelines and regulations. The Mayo Clinic Intitutional Review Board
Approval was obtained for conducting the study (25-000605). Individual
informed consent was obtained per institutional requirements and
guidelines.

Study cohort and statistical considerations

We included patients with newly diagnosed multiple myeloma (NDMM)
between 01/01/2013 and 01/31/2023. Non-clonal plasma cell fraction,
defined as the percentage of non-clonal plasma cells among total plasma
cells, was measured using MFC on bone marrow aspirates collected at the
time of initial diagnosis at the same institution before initiation of
myeloma-directed therapy. Flow cytometric immunophenotyping was
performed using the following antibodies: CD19, CD38, CD45, CD138,
cytoplasmic kappa and lambda immunoglobulin, and DAPI (4',6-diamidino-
2-phenylindole) as previously described [12]. The plasma cell clonality was
determined through demonstrating CD38 and CD138 positivity, absence of
CD19/CD45 expression, immunoglobulin light chain restriction, and/or
ploidy difference by DAPI staining. An NCPF of >5% was considered as
NCPF-Enriched and we hypothesized this to be associated with better
prognosis. High-risk cytogenetic abnormalities (HRCA) by FISH were
defined as follows: presence of deletion 17p (del17p), t(4;14), t(14;16),
t(14;20), 1921 gain/amplification, and deletion 1p. An adaptation of the
2024 IMS/IMWG classification was utilized for risk stratification [without the
TP53 mutation data and biallelic del(1p)] and the R2-ISS were applied to
the current cohort. Immunoparesis was defined as having one uninvolved
immunoglobilins (IgG, IgA and IgM) below the lower limit of laboratory
normal and severe immunoparesis was defined as having two or more
uninvolved immunoglobulins below the lower limit of laboratory normal.
Categorical variables were compared using chi square test or Fisher's exact
test when appropriate. Continuous variables were compared using the
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non-parametric Wilcoxon test. All time-to-event analyses were performed
using the Kaplan Meier method and compared using the log-rank test.
Univariable and multivariable Cox proportional hazards analyses were
performed to assess the independent prognostic impact of the NCPF-
Enriched fraction. A p-value of <0.05 was considered statistically significant.

RESULTS

We included 798 patients with data available for NCPF estimation.
The median follow-up for the entire cohort was 6 years and the
estimated median overall survival (OS) was 8.2 years (95% Cl: 5.6-
6.4 years). The median NCPF for the entire cohort was 0.4%
(interquartile range: 0.11-1.8%). As a continuous variable, a higher
NCPF was associated with an improved survival [HR 0.98; 95%
Confidence Interval (Cl): 0.97-9.99, p = 0.02]. Out of this cohort,
124 patients (15.5%) had a NCPF of >=5% (NPCF-Enriched), which
was chosen as the cutoff for the study cohort based on
comparable survival between NCPF < 1% (6-year OS 58%) and
NCPF 1.0-4.99% cohorts (6-year OS: 61%) and significantly
improved survival for the NCPF = 5% cohort (6-year OS: 70.3%,
Supplementary Fig. 1). Additionally, the 5% cutoff has been used
in prior studies in the setting of smoldering myeloma and shown
to have prognositic value [8]. Baseline characteristics of the
patients in the two cohorts are depicted in Table 1. Patients with a
NCPF-Enriched had a significantly lower median bone marrow
plasma cell infiltration (20% vs. 50%, p <0.0001). The NCPF-
Enriched cohort was also enriched for hyperdiploid cytogenetics
(71.1% vs. 58.8%, p =0.025) and had a lower prevalence of the

Blood Cancer Journal (2026)16:20
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Immunoparesis in NCPF-High vs NCPF-Low
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Fig. 1 Immunoparesis risk by non-clonal plasma cell fraction (NCPF). Patients with NCPF-Enriched had significantly lower rates of moderate
[one immunoglobulin (Ig)] or severe (2 or more Ig suppressed) immunoparesis.
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Fig. 2 Overall Survival (OS). The 6-years OS was significnatly improved for the NCPF-Enriched cohort [70.3% (95% Cl: 62-79%)] compared to

the NCPF-Low cohort [56.5% (95% Cl: 52.2-61%)].

t(11;14) translocation (14.3% vs. 24.3%, p = 0.02). Notably, the rate
of two or more high-risk cytogenetics (11.8% vs. 13.2%, p = 0.76)
and the IMS/IMWG high-risk designation (25.2% vs. 25.5%,
p=0.94) were comparable between the NCPF-Enriched and
NCPF-Low cohorts, respectively. No significant differences were
observed in age, sex, elevated S-phase or treatment intensity
between the NCPF Enriched and NCPF-Low groups (Table 1).
Patients within the NCPF-Enriched cohort had a lower likelihood
of having immunoparesis. The rates of immunoparesis (with one
uninvolved immunoglobulin being suppressed) were also sig-
nificantly lower in NCPF-Enriched cohort (56.7% vs. 92.2%, OR
0.11, p < 0.0001), Fig. 1. Similarly, within the NCPF-Enriched cohort,
a significantly lower proportion of patients had two or more
uninvolved immunoglobulins suppressed (23.7%) compared to
the NCPF-Low cohort (73.2%) [odds ratio (OR) of 0.12, P < 0.0001].

Blood Cancer Journal (2026)16:20

Notably, patients with immunoparesis demonstrated a trend
toward an inferior OS [HR 1.41 (0.96-2.1), p = 0.07] compared to
patients without immunoparesis (Supplementary Fig. 2A).

The 6-year overall survival (OS) rate was significantly higher in
patients with a high non-clonal plasma cell fraction (NCPF-
Enriched), at 70.3% (95% Cl: 62-79%), compared to 56.5% (95% Cl:
52.2-61%) in the NCPF-Low cohort, Fig. 2. The median OS was not
reached in the NCPF-Enriched group, whereas it was 7.6 years in
the NCPF-Low group. This translated into a statistically significant
survival benefit for the NCPF-Enriched group [p = 0.0096; hazard
ratio (HR) 0.64, 95% Cl: 0.46-0.90]. On univariate analysis, age >75
years at diagnosis, IMS/IMWG high-risk cytogenetic status,
elevated S-phase fraction (=2%), bone marrow plasma cell
infiltration =50%, and reduced renal function (eGFR <45 mL/min)
were prognostic for OS (Supplementary Table 1). When included

SPRINGER NATURE
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Fig.3 Multivariable Model for Overall Survival (OS). Elevated non-clonal plasma cell fraction (NCPF Enriched) was independently associated
with improved survival [HR 0.64, 95% Cl 0.43-0.96; p = 0.03] after adjustment for other prognostic factors.
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Fig. 4 Progression Free Survival (PFS). The median PFS with frontline therapy was 4.2 years for the NCPF-Enriched cohort compared to 2.6

years for the NCPF-Low cohort [hazard ratio 0.64, p = 0.006].

in a multivariable model, NCPF-Enriched remained independently
associated with improved overall survival [HR 0.64, 95% Cl:
0.43-0.96; p =0.03], Fig. 3. These results were consistent after
adjusting for treatment parameters (Supplementary Table 2) as
well immunoparesis (Supplementary Fig. 2B). Substituting the IMS/
IMWG high-risk designation by incorporating =2 HRCAs within the
multivariable model (to account for the absence of the sequen-
cing data for a complete assessment of the IMS/IMWG high-risk
desgination) demonstrated consistent results for the prognostic
impact of NCPF (Supplementary Fig. 3).

Treatment details and progression-free survival (PFS) event
information were available for 753 (94.4%) patients. The median
PFS with frontline therapy was 4.2 years (95% Cl: 2.7-7 years) for
the NCPF-Enriched cohort compared to 2.6 years (2.3-2.9 years)

SPRINGER NATURE

for the NCPF-Low cohort [HR 0.69 (95% Cl: 0.53-0.9), p = 0.006],
Fig. 4. The induction, transplant and maintenance strategies were
comparable in the two cohorts (Table 1). After adjusting for factors
predictive of PFS on a univariate analysis including factors
including age =75 years at diagnosis, IMS/IMWG high-risk
cytogenetic status, elevated S-phase fraction (= 2%), bone marrow
plasma cell infiltration >50% and reduced renal function (eGFR
<45 mL/min) (Supplementary Table 3), the NCPF-Enriched status
was independently associated with an improved PFS [HR 0.72
(95% Cl: 0.53-0.99, p = 0.049; Supplementary Table 4). Even when
adjusted for type of induction (doublet, triplet or quadruplet),
ASCT or not and maintenance (received or not), the NCPF-
Enriched designation was associated with an improved PFS [HR
0.62 (95% Cl: 0.4-0.86, p = 0.003].

Blood Cancer Journal (2026)16:20



DISCUSSION

In this cohort of patients with newly diagnosed multiple myeloma
with well-anotated cytogenetic profiles and proliferative signa-
tures, we demonstrate that a higher non-clonal plasma cell
fraction (NCPF = 5%) at diagnosis is independently associated with
favorable clinical and biological features, including lower marrow
infiltration, lower rates of severe immunoparesis, and improved
survival. These findings support the hypothesis that residual non-
clonal plasma cells, measurable via baseline multiparameter flow
cytometry, may serve as a marker of biologically indolent disease.

The observed association between high NCPF and reduced
BMPC infiltrate underscores the inverse relationship between
residual normal plasma cells and disease burden. A higher NCPF
may indicate not only a lower malignant burden but also a
protective coexistence of functional repertoire of plasma cells. A
NCPF-Enriched state was associated with significantly lower rates
of immunoparesis, particularly severe immunoparesis (23.7% vs.
73.2%). Immunoparesis is a known negative prognostic factor in
MM, thought to reflect both direct tumor-induced immune
suppression and broader microenvironmental dysregulation [8,
11, 13]. The independent prognostic value of NCPF was retained
even after adjusting for the immunoparesis status and its strong
yet independent prognostic value suggests that NCPF may
integrate broader aspects of immune fitness beyond what the
traditional serum markers capture.

Our study further shows that patients with NCPF-Enriched
status were more likely to exhibit hyperdiploidy, a cytogenetic
feature generally associated with favorable prognosis. Interest-
ingly, the rates of t(11;14), considered to be prognostically neutral,
were lower in patients with NCPF-enriched cohort, further
highlighting their distinct clinical and pathologic features
compared to other cytogenetic abnormalities [14, 15]. The biologic
rationale for higher rates of t(11;14) in the NCPF-Low is intriguing
and needs further study. Notably, NCPF remained an independent
predictor of both OS and PFS in multivariable models adjusting for
known high-risk features. This finding confirms that NCPF captures
prognostic information not entirely accounted for by existing risk
stratification systems that are focused on tumor cell characteristics
[3]. The 6-year OS rate of 70.3% in the NCPF-Enriched group,
compared to 56.5% in the NCPF-Low group, is clinically mean-
ingful and consistent with survival differences seen with other
recognized prognostic biomarkers.

These findings suggest that NCPF may serve as a surrogate for
preserved immunologic architecture within the marrow, echoing
the concept that immune function plays a pivotal role in
controlling disease progression in MM [16-18]. This is further
supported by recent single-cell studies showing that residual
normal plasma cells and intact immune subsets in the marrow
correlate with deeper responses and longer remissions [11, 16, 171.
Thus, NCPF could potentially be used in future as an immune-
microenvironmental marker for risk stratification, alongside
existing genetic and laboratory-based models.

From a translational perspective, assessing NCPF is a technically
feasible and cost-effective addition to routine flow cytometry panels
already employed at MM diagnosis [12]. Multiparameter flow
cytometry enables precise immunophenotypic distinction between
clonal and non-clonal plasma cells using surface and cytoplasmic
markers and immunoglobulin light chain restriction [19-22].
Incorporating the presence of normal plasma cells into risk
assessment frameworks could provide a more comprehensive
understanding of disease biology and therapeutic responsiveness,
particularly in the era of immunotherapy. These approaches allow
for quantification of the non-clonal component of plasma cells and
may provide a surrogate for immune microenvironment integrity. It
requires no additional reagents or processing and can be
standardized across laboratories. The clinical relevance of NCPF
also opens the door to potential interventional strategies aimed at
preserving or restoring normal plasma cell and B-cell function,
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which may be particularly relevant in the era of immunotherapy. For
example, vaccine responses and infection risk stratification could be
guided by NCPF status, given its correlation with immunoparesis.

Our study has certain limitations. First, as a retrospective single-
institution analysis, it is subject to inherent biases, including
referral and selection bias. Second, although our flow cytometry
protocols were standardized, inter-laboratory reproducibility of
NCPF measurement remains to be tested. Third, while this MFC
based approach is easily reproducibly, there is a possibility that
the lack of B-cell receptor sequencing and single-cell level
approach can misclassify a small proportion of clonal and non-
clonal plasma cells. Fourth, the absence of the sequencing data for
a complete assessment of the IMS/IMWG high-risk desgination is a
limitation of the study. However, the consistency of the results
when using =2 HRCAs in the multivariable model provides further
reinforcement of the prognostic implications of the NCPF-
enriched cohort. The impact of prior vaccination status on the
NCPF fraction is also unknown. Lastly, study cohort was restricted
to patients enrolled until January 2023, resulting in a small fraction
of patients treated with quadruplet induction therapy. These
findings merit confirmation in a predominantly CD38 antibody-
based quadruplet induction therapy.

In conclusion, our results demonstrate that a high non-clonal
plasma cell fraction at diagnosis is independently associated with
favorable clinicopathologic features and superior survival outcomes
in newly diagnosed multiple myeloma. NCPF represents a novel and
clinically accessible biomarker that reflects preserved marrow
immunoarchitecture and offers complementary prognostic value
to established cytogenetic and laboratory-based risk factors. These
findings warrant external validation and suggest a role for NCPF in
future models of risk stratification, particularly those incorporating
immune and microenvironmental parameters.

DATA AVAILABILITY
De-identified data utilized for the analysis in this study are available from the
corresponding author upon reasonable request.
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