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Introduction
Plasma cell neoplasms encompass a wide variety of disorders that result from the clonal expansion 
of terminally differentiated B cells (plasma cells), typically secreting a single homogeneous 
monoclonal immunoglobulin.1 The differentiation between some of these disorders and the 
monitoring of plasma cell (PC) neoplasms depends on the quantitation of clonal PC in the bone 
marrow (BM) and the use of biochemical and haematological parameters and imaging 
techniques.1,2,3,4

Quantitation of PC in BM samples has historically relied on manual methods such as microscopy-
based cell counting on BM aspirates and immunohistochemically stained trephine biopsies. The 
surface marker CD138 is sensitive and specific for PC, thus CD138 immunohistochemistry is 
commonly used for estimating PC in BM biopsies. This practice is supported by the World Health 
Organization.1,5,6 However, various alternative approaches have emerged, each with their 
strengths and limitations. As the field continues to evolve, it is essential to critically review and 
evaluate the available methods for estimating PC in BM.

Currently, there is no acceptable reference method for estimating PC in BM, although many 
methods have been developed and evaluated for accuracy and reproducibility. This method 

The quantitation of plasma cells in bone marrow (BM) is crucial for diagnosing and 
classifying plasma cell neoplasms. Various methods, including Romanowsky-stained BM 
aspirates (BMA), immunohistochemistry, flow cytometry, and radiological imaging, have 
been explored. However, challenges such as patchy infiltration and sample haemodilution 
can impact the reliability of BM plasma cell percentage estimates. Bone marrow plasma 
cell percentage varies across methods, with immunohistochemically stained biopsies 
consistently yielding higher values than Romanowsky-stained BMA or flow cytometry 
alone. CD138 or MUM1 immunohistochemistry and artificial intelligence image analysis 
on whole-slide images are emerging as promising tools for accurate plasma cell 
identification and quantification. Radiological imaging, particularly with advanced 
technologies like dual-energy computed tomography and radiomics, shows potential for 
multiple myeloma diagnosis, although standardisation remains a challenge. Molecular 
techniques, such as allele-specific oligonucleotide quantitative polymerase chain reaction 
and next-generation sequencing, offer insights into clonality and measurable residual 
disease. While no consensus exists on a gold standard method for BM plasma cell 
quantitation, CD138-stained biopsies are favoured for accurate estimation and play a 
pivotal role in diagnosing and assessing multiple myeloma treatment responses. 
Combining multiple methods, such as BMA, BM biopsy, and flow cytometry, enhances 
accuracy of diagnosis and classification of plasma cell neoplasms. The quest for a gold 
standard requires ongoing research and collaboration to refine existing methods. 
Furthermore, the rise of digital pathology is anticipated to reshape laboratory medicine 
and the role of pathologists in the digital era.

What this study adds: This article adds a comprehensive review and comparison of different 
methods for plasma cell estimation in the bone marrow, highlighting their strengths and 
limitations. The goal is to contribute valuable insights that can guide the selection of optimal 
techniques for accurate plasma cell estimation.
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review aims to comprehensively evaluate existing techniques 
for the quantitation of PC in BM samples. By examining the 
principles, procedures, advantages, and challenges associated 
with the various methods, we aim to provide a comprehensive 
understanding of the options available to clinicians, 
researchers, pathologists, and haematologists.

In this review the authors examine the factors that affect the 
reliability of plasma cell estimation and share thoughts on 
the promising role of new technologies. In addition, the 
challenges of standardisation, clinical relevance and future 
directions will stimulate discussion and encourage 
collaboration in this field. We hope to contribute to the 
refinement of PC estimation methods and their integration 
into routine clinical practice.

Methods
Based on the recommendations by Levac et al., Colquhoun 
et al. and the methods of Arksey and O’Malley, we 
conducted a literature search for a narrative (scoping) 
review article.7,8,9 The four main electronic databases 

(PubMed, Google Scholar, Cochrane Library and Mendeley) 
were searched to map the existing landscape of methods for 
estimating bone marrow plasma cell percentage (BMPC%), 
and to compare and summarise these methods to provide 
suggestions for the use and further development of 
appropriate and cost-effective methods for estimating 
BMPC%, particularly in resource-limited settings. A 
summary table (Table 1) was created to summarise the data 
from the literature review and to present the different 
methods, as well as their advantages and disadvantages, in 
a clear format. The search was conducted from inception to 
31 November 2023 to find relevant articles published in 
peer-reviewed journals. The search strategy consisted of a 
combination of keywords and Medical Subject Heading 
terms related to the topic of interest, such as ‘multiple 
myeloma’, ‘bone marrow plasma cells’, ‘plasma cell 
estimation’, etc. Articles that were irrelevant, did not contain 
a methods section, and were not written in English were 
excluded. All relevant articles, literature sources and 
citations were included in the reference list and duplicates 
were removed.

TABLE 1: Summary of various methods used for the estimation of bone marrow plasma cell percentages, highlighting their advantages and disadvantages.
Method Description Advantages Disadvantages

Manual differential count 
(myelogram)

Microscopic examination of 
Romanowsky-stained BM slides to 
count PC as a proportion of all other 
nucleated cells in a 200–500 cell 
differential.

Readily available.
Direct visualisation of PCs.
Easy to perform.

Subjective interpretation.
May misrepresent PC count (haemodilution, PC 
may not ‘fall out’ from BM particles or not 
aspirated).
BMA may underestimate PC% compared to BM 
biopsies.
Unable to determine clonality of PC. 

Multiparameter flow cytometry Uses fluorescently labelled antibodies 
to identify PC in a BMA sample.

Quantitative (controversial) and qualitative 
analysis.
Differentiate neoplastic PC from normal PC.
Determine clonality of PC.
Differentiate between MGUS/SMM/MM using an 
MFC protocol.29

Determine risk of MM with MFC and AI-based 
GBM algorithm.62

NGF validated for MRD.

Expensive equipment.
Expertise required.
PC fragility, haemodilution or clotted samples, 
processing techniques etc. reduce BMPC%. 

Immunohistochemistry Detection of specific PC antigens 
(CD138 and MUM1) in tissue sections 
using chromogenic 
immunohistochemistry.

Readily available.
Identifies specific PC antigens.
Most sensitive method for PC estimation 
compared to BMA.
Determine clonality by kappa and lambda 
antigens.
Manual counting methods have been evaluated to 
reduce subjectivity of assessment. 

Requires tissue processing and specialised 
reagents.
Subjective interpretation if overview estimations 
are performed.

Molecular techniques 
(ASO-qPCR and NGS)

Based on amplification of unique VDJ 
rearrangements of IGHV gene. 

High sensitivity and specificity.
NGS does not require a diagnostic specimen.
NGS is standardised for general use.
NGS validated for MRD.

Requires specialised equipment and expertise.
ASO-qPCR requires a diagnostic specimen.
Unavailability of NGS in resource-limited 
settings.

Digital imaging analysis Computer-based and AI analysis of 
IHC-stained slides using static images 
or WSI.

Objective and reproducible results.
Guidelines for standardisation and validation 
available.
Open-source AI software available for image 
analysis.
Alternative means (other WSI) to digitise slides 
and analyse images are available.57,59

Initial setup and validation may be time-
consuming.
WSI scanners are expensive.

Radiology imaging techniques PET/CT uses a surrogate measure of 
intracellular glucose metabolism to 
identify hypermetabolic PC.
MRI measure the water and fat 
composition of tissues. 

PET/CT more sensitive for focal lesions.
MRI more sensitive for detection of diffuse 
infiltration.
Provide valuable prognostic information.

18F-FDG PET/CT cannot reliably predict PC 
infiltration of < 10%.
18F-FDG PET/CT requires hypermetabolically 
active plasma cells to create a detectable signal.
May not replace BM biopsy evaluation. 

PC, plasma cell; BM, bone marrow; BMPC%, bone marrow plasma cell percentage; MGUS, monoclonal gammopathy of undetermined significance; SMM, smouldering multiple myeloma; MM, 
multiple myeloma; MFC, multiparameter flow cytometry; GBM, gradient-boosting machine; NGF, next-generation flow; MRD, measurable residual disease; BMA, bone marrow aspirates; ASO-qPCR, 
allele-specific oligonucleotide quantitative polymerase chain reaction; NGS, next-generation sequencing; IHC, immunohistochemistry; VDJ, variable, diversity, joining; IGHV, immunoglobulin heavy 
chain variable; WSI, whole slide imaging; MRI, magnetic resonance imaging; 18F-FDG, 18F fluorodeoxyglucose; PET/CT, positron emission tomography/computed tomography; AI, artificial 
intelligence.
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Pre-analytical factors affecting plasma cell 
estimation
Bone marrow aspiration and processing for accurate 
visualisation
The first millilitre of aspirated BM represents pure BM 
elements. The subsequent sampling becomes significantly 
blood diluted (haemodilution).10,11 Ancillary testing including 
flow cytometry and cytogenetics require additional drawing 
of BM aspirate (BMA). The first and second draw of BMA 
yield discrepant results, with the second draw of BMA smears 
significantly underrepresenting the PC count. This remains 
important in the evaluation of newly diagnosed multiple 
myeloma (MM) patients.12 Bone marrow aspirate smears are 
considered the least manipulated sample. Therefore, the 
numeric discrepancy between the morphological assessment 
and the flow cytometric assessment cannot be attributed 
solely to technical or methodological deficiencies. Note that 
the same degree of discrepancy is not seen with other 
haematological malignancies such as acute myeloid 
leukaemia.13

Bone marrow aspirate smears are usually stained with 
Romanowsky-type stains, which are used either in 
combination or individually. The staining of BM films may 
be adversely affected by any of the pre-analytical 
processes.11 Plasma cells on Romanowsky-stained BMA 
are recognised by their distinctive nuclear and cytoplasmic 
features.14

Bone marrow trephine biopsy specimens and selection of 
appropriate antibodies
The common problem with myeloma trephine samples is 
inadequate or fragmented cores. The biopsy may be 
inadequate if the same bone puncture site is used for 
aspiration and biopsy.15 Multiple myeloma trephine biopsy 
should ideally contain five to six intertrabecular spaces that 
provide a reasonable probability of detecting focal BM 
lesions.14

Bone marrow trephine biopsy specimens are usually fixed in 
formalin, embedded in paraffin, and stained with haematoxylin 
and eosin.11 Identifying plasma cells on haematoxylin and 
eosin preparations is relatively easy for the experienced 
microscopist. However, PC are more easily distinguished 
from other nucleated cells by immunohistochemistry using 
antibodies targeting antigens such as CD138 or MUM1. 
These antibodies are specific to PC in the BM; however, soft 
tissue tumours such as melanoma, osteosarcoma and 
osteoblastoma may also stain positive for CD138 on 
immunohistochemistry.5,16

Sections of clotted BMA may be used in cases where it is 
difficult to obtain a trephine biopsy. The BMA is allowed to 
clot in a syringe. The clot is then carefully removed, placed 
in a fixative such as formalin, and processed in the same 
way as a trephine biopsy, except that no decalcification is 
required.11

Current methods for estimating plasma cells in 
bone marrow
Manual cell counting on bone marrow aspirate smears
Cellular trails of Romanowsky-stained BM aspirates are used 
for differential counts under the light microscope, but can be 
misleading if PC do not ‘fall out’ from the BM particles or are 
not aspirated due to the patchy nature of MM. Plasma cell are 
counted as a proportion of all other nucleated haematopoietic 
cells in a 200–500 cell differential to estimate the percentage 
of PC in the BM.11 Bone marrow aspirate smears often 
underestimate the percentage of PC compared to BM 
biopsies, leading to a lack of consensus on the appropriateness 
of smears for determining the percentage of PC in 
BM.17,18,19,20,21,22,23

In a study conducted in the United States in 2007, Al-Quran 
et al. evaluated CD138-stained BM specimens and showed 
poor intraobserver concordance with an intraclass correlation 
coefficient of 0.55 for one observer and an intraclass 
correlation coefficient of 0.47 for another between PC 
quantitation on BM aspirate smears and CD138 
immunohistochemistry.19 Smith and Elnawawi, in a study 
conducted in the United States in 2008, found that aspirate 
smear PC counts were considerably lower (mean 10.6; 
standard deviation [s.d.] ± 13.1) than the counts by other 
methods such as overview estimates (mean 19.2; s.d. ± 20.4) 
and manual counts on CD138 immunohistochemistry (mean 
23.1; s.d. ± 17.7), and attributed this to an under-representation 
of PC in aspirate smears.18

Despite this percentage discrepancy, one study found a 
significant linear correlation between BMPC% in aspirate 
enumeration and CD138 immunohistochemistry (r = 0.71 
[Pearson correlation coefficient]), which suggests the 
possibility of extrapolating the true BMPC% from the manual 
count on BMA smears.23 Morphological assessment of BMA 
smears has limitations, including the assessment of tumour 
burden and the determination of PC clonality. It is therefore 
best used in combination with immunohistochemistry and 
with or without multiparameter flow cytometry (MFC) when 
detection of clonality with immunohistochemistry is difficult, 
especially in the context of post-therapeutic hypocellular BM 
samples or a low tumour burden.1,3,4,14,24 The World Health 
Organization allows the BMPC% to be determined either by 
manual counting of the aspirate or by CD138 
immunohistochemistry. It is recommended to consider the 
highest PC percentage of aspirate or trephine if there is a 
discrepancy between the two methods.1,3

Multiparameter flow cytometry on bone marrow aspirate 
specimens
The literature supports the use of MFC in the diagnosis and 
follow-up of MM, particularly regarding establishing the 
clonal nature of the PC.25,26,27 Multiparameter flow cytometry 
has been shown to provide more prognostic information for 
overall survival than morphological assessment in patients 
with MM.25
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The use of MFC to quantify PC in BM is more controversial. 
It has been shown that the percentage yield of PC is 
consistently lower with flow cytometric methods than with 
morphological assessment of smears from BMA.12,13,22,25,27,28,29 
This discrepancy is thought to be because of PC fragility, 
differences in sample quality, dilution with peripheral blood 
(haemodilution) or clotted specimens and cellular processing 
techniques used in flow cytometry that reduce the PC count.

In contrast to this, a 2017 study by Matsue et al. in Japan 
showed that the BMPC% on aspirate smear counts correlated 
with flow cytometry (r = 0.93), but BMA smear and flow 
cytometry significantly underestimated the PC percentage 
compared to BM biopsy or clot stained with CD138 
immunohistochemistry.30 Another study showed that even 
though a discrepancy was seen with morphological 
enumeration average (60%) in MM patients compared to 
flow cytometry (20%), this discrepancy was not found 
between morphological and flow cytometry assessment in 
acute myeloid leukaemia samples.13 Based on these findings, 
the discrepancy regarding MM cannot be attributed solely to 
technical or methodological problems. It may stem from 
unique interaction between malignant PC and the BM niche 
they occupy, including bone surfaces, basement membranes, 
and lipid-enriched spicules.13 Furthermore, patchy marrow 
infiltration, hypoplastic or fibrotic marrows may cause the 
underestimation of PC percentages.

With the concern of the significant discrepancy between 
morphological assessment and flow cytometry PC percentage 
estimation, Frebet et al., in a study in France in 2011, developed 
an MFC protocol that uses specific antibody combinations to 
include PC (CD138+/CD38+) and haematopoietic precursors 
(CD45+/CD117+/CD34+), and exclude erythroblasts and 
debris (CD36+/CD45–), to calculate a plasma cell:precursor 
ratio.29 A plasma cell:precursor ratio threshold of 2 was 
validated as a discriminative tool to differentiate between 
monoclonal gammopathy of undetermined significance and 
smouldering MM with high specificity (84%) and sensitivity 
(81%).29

Immunohistochemistry on bone marrow biopsy trephine 
specimens
CD138 (Syndecan-1) is a cell surface, sulphate-rich 
proteoglycan adhesion molecule which is expressed in the late 
stages of B-cell differentiation and on PC. CD138 is a highly 
sensitive and specific marker for BMPCs, making it useful in 
identification and enumeration of BMPC.5,6 CD138 staining 
has the advantage of improved PC identification compared to 
haematoxylin and eosin-stained sections. The estimation of 
PC in BM biopsies using CD138 immunohistochemistry, as 
suggested by the World Health Organization, is generally 
performed using a semi-quantitative overview estimation 
method.1

In their 2008 study, Smith and Elnawawi proposed an 
alternative to overview estimation by performing a manual 
count on a single selected field of view at high magnification 
(40x objective). The manual count (mean 23.1; s.d. ± 17.7) 

correlated better with computer-assisted image cytometry 
(mean 21.4; ± 10.7 s.d.) than the overview estimates (mean 
19.2; s.d. ± 20.4), on 44 CD138-stained core biopsy 
specimens.18 Importantly, the s.d. of selected field counts in 
this study and the overview estimation are high, and may 
be clinically relevant for the diagnosis and evaluation of 
treatment response of PC neoplasms. A single area was 
selected for the manual counting method of PC estimation, 
even though MM is a patchy disease and shows considerable 
variation in BM infiltration.

In their 2017 study in Japan, Matsue et al. counted more cells 
(500–2500) in 2–5 representative microscopic fields at low 
magnification in CD138-stained BM clot and biopsy sections. 
They showed significant correlation between the marrow 
clot and biopsy sections (r = 0.96); however, quantification 
by BMA smear (BMPC% = 3.7 [interquartile range 
{IQR}: 1.2–10]) and flow cytometry (odds ratio = 2.4 [IQR: 
0.8–6.2]) underestimated PC percentage compared to BM 
biopsy (odds ratio = 13.3 [IQR: 6.7–36.2]) and BMA clot (odds 
ratio = 12.8 [IQR: 6.8–31.9]).30 Samples with a nodular or 
diffuse pattern of the PC and cells with Golgi staining or non-
specific cytoplasmic staining were excluded from the study.

In their 2023 publication in South Africa, Gantana et al. 
evaluated a counting method in which reviewers selected 
three representative biopsy areas with low, intermediate, and 
high PC densities, followed by a manual count in each of 
these areas and averaging the BMPC% for each sample. This 
study showed superior interobserver concordance with the 
manual counting method at low PC tumour burden compared 
to an overview estimation method (intraclass correlation 
coefficient = 0.105).31

Many studies show significantly higher numbers of BMPC% 
on CD138-stained immunohistochemistry biopsies compared 
to BMA.12,18,19,21 Suggested reasons for this discrepancy are the 
patchy nature of MM, haemodilute BMA, and poor sample 
quality. For these reasons, CD138 immunohistochemistry is 
regarded as the most sensitive method for PC estimation.

Immunohistochemistry determination of PC percentage is 
valuable for diagnosis and monitoring treatment response, 
notably the complete and stringent complete response criteria 
as defined by the International Myeloma Working Group 
(IMWG).3 Furthermore, BM trephine PC percentages have 
shown to correlate with corresponding end organ disorders, 
quantitative fluorescence in situ hybridisation results, and 
overall survival in patients with a low BMA PC percentage.24

Molecular techniques
Molecular techniques are based on the amplification of 
unique variable, diversity, joining rearrangements of the 
immunoglobulin heavy chain variable (IGHV) gene on 
chromosome 14, which are specific for each PC clone and 
can be used for identification by amplification of the 
variable, diversity, joining sequence. The light chain genes 
lack the D segment, which reduces the sensitivity of 
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detecting the PC clone.32 Patient-specific IGHV gene 
rearrangements are amplified and sequenced from IGHV 
gene-specific complementary DNA to determine the clone-
specific variable gene sequence.32,33 This should be done at 
diagnosis, to design primers for real-time polymerase 
chain reaction (PCR) quantification for determination of 
the level of tumour contamination in a sample after 
chemoimmunotherapy and stem-cell transplants to be used 
for follow-up monitoring. The sense primers are usually 
derived from the second complementarity-determining 
region and the antisense primer from the highly 
hypervariable third complementarity-determining region in 
the IGHV gene to be used for the amplification of the 
sequence of interest during follow-up.34,35,36

Molecular techniques such as allele-specific oligonucleotide 
quantitative PCR (ASO-qPCR) and next-generation 
sequencing (NGS) are used during follow-up for the 
quantification of clonal plasma cells to evaluate treatment 
response and detect measurable residual disease (MRD) 
rather than quantification at diagnosis.4 The use of ASO-
qPCR for the detection of these specific variable, diversity, 
joining sequences correlates well with MFC in MRD 
quantitation (r = 0.881, p < 0.001), but its application was 
limited to 42% of cases in the study due to lack of clonality 
detection, unsuccessful sequencing and suboptimal ASO 
performance.37 This complicates the practicality of using only 
molecular techniques for this indication.

Radiological imaging techniques
Radiological imaging plays a significant role in the diagnosis 
and management of MM as approximately 90% of MM 
patients develop bone disease.38 Radiological imaging may 
suggest diagnosis, assess possible bone complications, and 
determine response to treatment or disease progression.1,4,39

Radiographic examination (skeletal survey) to identify lytic 
bone lesions has been replaced by more sensitive alternatives 
such as whole body, low-dose computed tomography (CT), 
18F fluorodeoxyglucose (18F-FDG) positron emission 
tomography/CT (PET/CT) scanning, and magnetic 
resonance imaging (MRI). In under-resourced countries, 
skeletal surveys are still widely used due to the lack of 
availability of superior modalities especially for detection of 
osteolytic lesions in the spine and pelvis.40,41,42,43,44 Positron 
emission tomography/CT and MRI can be used to assess 
tumour burden and disease activity.45,46 Positron emission 
tomography/CT uses a surrogate measure of intracellular 
glucose metabolism to distinguish between metabolically 
active and inactive sites of proliferating cells, while MRI 
examines the water and fat composition of tissues.47 Magnetic 
resonance imaging is therefore more sensitive for the 
detection of diffuse infiltration and PET/CT is better for the 
assessment of focal lesions, especially when these lesions are 
outside the field of view of MRI.44 The patchy and focal 
nature of MM infiltration means that disease burden 
measured on a random BM biopsy may not be representative. 

Furthermore, seven focal lesions on spinal MRI and more 
than three lesions and extramedullary disease on PET/CT 
have been shown to be prognostically significant, and it is 
therefore recommended that the absolute number of focal 
lesions should be reported.39,47,48,49,50

A South African study in patients at a tertiary hospital 
showed good concordance between representative BM 
biopsy samples and 18F-FDG PET/CT image analysis. 
However, this did not reliably predict PC infiltration of < 10% 
or diffuse non-hypermetabolic marrow involvement on 
imaging.51 This study further emphasised the patchy nature 
of the disease where patients with irregular BM infiltration 
may result in the underestimation of PC infiltration.51 Based 
on these results, the use of PET/CT imaging can avoid the 
need for repeated BM biopsies in most patients with diffuse 
and irregular BM uptake, but cannot replace BM biopsy to 
determine BMPC%. Imaging will continue to play a role in 
assessing myeloma-defining events, providing prognostic 
information, and evaluating response to treatment by 
providing complementary information.4,39

Emerging technologies and innovations
Digital pathology
Digital pathology, with or without incorporation of artificial 
intelligence (AI), is growing in popularity while presenting 
both challenges and opportunities for the future. Careful 
consideration is required when introducing this new area of 
medicine to patient care. Digitisation of immunostained BM 
biopsy sections can be done by taking still images with a 
microscope camera or dynamic images with whole slide 
imaging (WSI) systems. Images can be analysed manually or 
using AI. Herein, we review several studies that have 
explored the use of these innovations in estimating BMPC%.

Computer-assisted image analysis (CIA) for estimating 
BMPCs in BM biopsies dates to the early 2000s. Computer-
assisted image analysis was shown to be superior to simple 
visual estimation of CD138 immunohistochemistry, due to 
elimination of subjectivity. In a Swiss study by Went et al. in 
2006, CIA was performed using image processing software 
(KS 300, Carl Zeiss AG, Feldbach, Switzerland) after 
digitising selected fields with a light microscope and colour 
video camera.52 This study showed minimal interobserver 
and intraobserver variability (determined by Spearman’s 
rank correlation coefficient) between two reviewers using 
CIA.49 A study by Stifter et al. in Croatia in 2010 used similar 
image processing software (Alphelys Spot Browser 2.4.4., 
Plaisir, France) for CIA after digitisation using a similar 
method showed high reproducibility.24 The CIA evaluated 
the relative area of overall positive staining rather than a 
calculated percentage of individually positively stained cells. 
Computer-assisted image analysis is therefore significantly 
influenced by background staining, large atypical PC, and 
PC clusters.21,49

Technology has improved so that an entire biopsy slide can 
be digitised with WSI scanners, and more advanced software 

http://www.ajlmonline.org


Page 6 of 10 Review Article 

http://www.ajlmonline.org Open Access

programmes than those used in CIA and AI are used to 
analyse the images.50,51,53 The WSI, used together with an 
image analysis tool and established algorithms (Asperio; 
Positive Pixel Count v9, Vista, California, United States), has 
shown good correlation with visual estimates and counts by 
experienced pathologists. However, it is often influenced by 
the intensity of the staining, leading to an overestimation of 
BMPC%.50 The overestimation is due to a ‘halo’ effect in cases 
with strong positivity, but in these cases WSI still showed 
good correlation (r = 0.857) with visual estimates.53 Another 
study also claimed that automated digital enumeration of the 
entire, immunohistochemically stained (CD138 and MUM1) 
biopsy can accurately determine PC burden, irrespective of 
pattern or extent of disease.54 It also showed that manual 
visual assessment (a 500-cell manual count in ‘representative 
regions’) tends to overestimate PC burden.54

The use of an open-source digital image analysis tool, 
QuPath, was validated by Baranova et al., in a study 
published in Canada in 2021, for the automation of PC 
quantification in BM biopsies from patients with MM.55 They 
accurately and reliably estimated BMPC% on CD138-stained 
slides with good correlation between manual counting and 
software image analysis (Pearson’s r = 0.96, p < 0.001).56 The 
study used an Aperio ScanScope XT scanner (Aperio 
Technologies, California, United States) for digitisation of the 
biopsies to generate WSI for analysis.56 Similar studies were 
done by Fu et al. in Canada and the United States in 2022, and 
by Lomas et al. in the United Kingdom in 2022, using WSI.57,58

Whole slide imaging may be used to overcome the 
considerable variability in cellularity and distribution of 
plasma cells in BM biopsies by providing images of the full 
length of the biopsy. Whole slide imaging scanners are not 
readily available in resource-limited settings, hence 
alternative means of digitising and analysing biopsies are 
still required. Using the AI of QuPath, Gantana et al., in their 
South African study published in 2023, counted CD138-
positive PC in BM biopsies and showed that digital analysis 
is superior to both a manual counting method and a 
previously reported overview estimation method, regardless 
of the tumour burden of the sample.59 In this study, 
digitisation of representative biopsy areas with low, 
intermediate and high PC densities was done with a standard 
microscope and camera rather than WSI. Fu et al. developed 
a web application that utilises their developed convolutional 
neural network, which allows pathologists to upload single 
images from microscope cameras to obtain a percentage of 
plasma cells in real time based on the CD138-stained plasma 
cells on that image.57 These methods may be more accessible 
to low-resource settings than using WSI.

The advantage of digital image analysis is therefore 
considerable. It may be incorporated into routine use, but 
slides need to be of equal quality. This requires standardisation 
of biopsy processing protocols.52 One study showed that all 
pre-analytical aspects affect the appearance of tissue sections 
and their suitability for digital pathology and therefore 
recommended visually checking the PC estimates and 

adjusting both parameters and thresholds accordingly.60 The 
College of American Pathologists recently released an 
updated guideline for the validation of WSI for diagnostic 
purposes.61

Artificial intelligence
The accurate determination of BMPCs plays a central role in 
the diagnosis, prognosis, the choice of therapy and the 
monitoring of PC neoplasms and is therefore essential. 
Artificial intelligence, in combination with methods such as 
flow cytometry and NGS, can provide information to predict 
risk status and potentially change the diagnostic criteria and 
risk stratification for MM.

In their 2022 publication in France, Clichet et al. used an AI-
based gradient-boosting machine algorithm to develop a 
decision tree for determining the risk of MM in a cohort of PC 
neoplasms. They used MFC (10-colour single tube) 
parameters including PC %, pathological to normal PC ratio, 
total PC to haematogone ratio, total PC to progenitor CD117+ 
ratio, mean fluorescence intensity of CD38 and CD27 from 
pathological PC, and mean fluorescence intensity of CD27 
from normal cells at diagnosis. The AI-based decision tree 
showed a sensitivity of 94.2%, a specificity of 93.7% and an 
independent validation success rate of 91.0% without 
misclassification between monoclonal gammopathy of 
undetermined significance and smouldering multiple 
myeloma.62 This online diagnostic tool is currently freely 
available and could be used for cases with diagnostic 
dilemmas in PC neoplasms.

Yenamandra et al., in their study published in the United 
States in 2021, used data at the time of diagnosis which 
included variables such as patient age, white blood cell 
count, percentage of PC in the BM on the myelogram, high-
risk cytogenetic alterations, and NGS. These data were used 
to create neural networks with which they developed a 
predictor for the risk status of MM, which has the potential to 
predict high-risk patients.63 The limitation is lack of estimated 
BMPC% in the BM biopsy sections.

With picture archiving and communications systems as the 
standard in many tertiary institutions, radiology has a 
significant potential for radiomics, the use of pattern 
recognition for the extraction of quantitative descriptors 
from imaging data.64 Radiomics and computational 
algorithms may potentially be used for quantitative imaging 
in MM patients by assessing different bone lesions in PET/
CT imaging and MRI.65 This is an interesting and dynamic 
field, in early phase of development.65,66 However, this 
depends on the availability of technology in some tertiary 
facilities with PET/CT and MRI technologies.

Estimation of plasma cells in bone marrow for 
measurable residual disease
There are several strategies for MRD detection in myeloma, 
including MFC, qPCR, and high-throughput sequencing. The 
two currently validated MRD methods recommended by the 
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IMWG are next-generation flow cytometry and NGS. Next-
generation flow refers to the 8-colour 2-tube flow cytometry 
method developed by the EuroFlow consortium, which uses 
specific combinations of antibodies to identify and cross-
reference neoplastic PC. It has a sensitivity of 10-6. In contrast, 
conventional 4–8 colour flow cytometry methods can only 
detect neoplastic PC with a sensitivity of 10-4.67,68

Next-generation flow cytometry
Multiparameter flow cytometry is a sensitive and rapid 
approach to assessing treatment efficacy with confirmed 
prognostic value that predicts progression-free and overall 
survival independent of categorical response assessment and 
patient biology.4,37,68,69,70 The IMWG defined ‘flow MRD 
negative’ as the absence of phenotypically aberrant clonal PC 
detected by BM next-generation flow cytometry with a 
minimum sensitivity of 1 in 105 nucleated cells. The same 
minimum sensitivity is proposed for the ‘sequencing MRD 
negative’ state detected by NGS.4

The threshold used to distinguish between MRD positive 
and MRD negative may vary from sample to sample, and 
may change as both technologies and treatments improve. 
The International Clinical Cytometry Society proposed a 
consensus guideline for the use of flow cytometry for MRD. 
The International Clinical Cytometry Society recommends 
the use of at least five initial gating parameters (CD38, CD138, 
CD45, forward scatter and side scatter) within the same 
aliquot to accurately identify the total PC compartment and 
to specify the limit of detection, with a limit of detection of 
0.001% (requiring a total number of 3 × 106 cells for analysis) 
and ideally a limit of quantification of 0.001% (requiring a 
total number of 5 × 106 cells for analysis).67 The International 
Clinical Cytometry Society recommendation is to report limit 
of detection and limit of quantification for each case based on 
the number of events below the detection limit and the 
number of events.71 Furthermore, CD9, CD56, CD27, CD81 
and CD117 should be analysed in combination with the 
initial gating parameters for detection of MRD in MM.72 
Another method, the Memorial Sloan Kettering Cancer 
Centre 10-colour single tube method, was compared with the 
IMWG-recommended EuroFlow 8-colour 2-tube method and 
showed a high degree of agreement (r2 = 0.97) with the 
residual disease burden detected with abnormal PC.73

It is noteworthy that a BM aspirate sample containing 10 x 106 
cells is required for consistent disease detection, rapid 
processing avoids cell degeneration, and the use of 
therapeutic monoclonal antibodies such as daratumumab 
can lead to false-negative MRD results. In addition to sample 
processing problems, immunophenotype in MM has been 
shown to be unstable, and many patients (41%) change 
immunophenotype, which can complicate interpretation.74

In an attempt to overcome the potential loss of typical gating 
markers (e.g., CD38 and CD138) after treatment with 
monoclonal antibodies, the members of the signalling 
lymphocyte activation molecules family, CD229 and CD319, 

have been identified as new gating markers for PC in flow 
cytometric immunophenotyping, particularly in relapsed or 
resistant cases of MM.75,76,77 The CD229 marker has a strong 
and homogenous expression in PC while CD138 expression 
showed significant variability.75,76 The new markers may 
prove to be useful additions for gating clonal PC, estimating 
PC in BM and assessing MRD in relapsed and resistant MM. 
It makes sense for pathologists to familiarise themselves with 
these novel markers and MRD methods as monoclonal 
antibody therapies such as anti-CD38 become more readily 
available in resource-limited settings.

Next-generation sequencing
The use of NGS, as with ASO-qPCR, is based on the 
identification and amplification of the sequence of interest, 
usually in the variable regions of the IGH gene on 
chromosome 14. However, for the follow-up of patients 
using PCR-based methods, a patient-specific primer must be 
developed from the diagnostic sequence. With NGS, these 
regions are amplified and sequenced with specific primers 
that are not patient specific.36 For this reason, among others, 
ASO-PCR has been largely replaced by NGS methods 
because patient specific probes are not as reliable in 
identifying clonal IGH after somatic hypermutation 
compared to NGS during follow-up.36,37,78,79 This is an 
indication of the superior applicability of NGS over the need 
to develop patient-specific primers. Next-generation 
sequencing is not entirely free from the effects of somatic 
hypermutation as it uses consensus primers for clonality 
detection and subsequent MRD analysis. Cost and poor 
availability are disadvantages of NGS, especially in resource-
limited settings. In addition, due to the labour-intensive 
nature and difficulties in interpreting the results of NGS, a 
high level of expertise is required. But it remains a useful 
instrument because it is very sensitive and has been 
sufficiently standardised for general use.

Summary of reviewed methods for plasma cell 
estimation
The quantitation of BMPC% on Romanowsky-stained BMA 
alone may misrepresent the accurate count of PC due to the 
patchy nature of infiltration and sample haemodilution. Bone 
marrow PC percentage is consistently lower on BMA as 
compared to immunohistochemistry-stained BM biopsies. 
Flow cytometry alone yields consistently lower results 
compared to BMA myelograms and are not readily available 
in resource-constrained settings. Flow cytometry is, however, 
useful for determination of PC clonality, MRD, and risk 
stratification of MM. A combination of BMA, BM biopsy, and 
flow cytometry assessment of PC yield superior results 
compared to using each sample on its own.

CD138 or MUM1 immunohistochemistry improves PC 
identification compared to haematoxylin and eosin and other 
stains. Manual counting in representative areas of CD138-
stained biopsies has been shown to improve reproducibility, 
compared to overview estimation. Use of AI image analysis 
on WSI or static images may currently be the best method for 
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BMPC estimation. Guidelines for the standardisation and 
validation of digital techniques have been published and 
using static images in combination with open-source software 
for image analysis will be possible in situations with limited 
resources.

Radiological imaging is crucial for the diagnosis and 
treatment of MM. Introduction of new technologies such as 
double-energy CT and radiomics as standard practice may 
necessitate changes to IMWG guidelines. These techniques 
are still in the early stages of development for the assessment 
of patients with MM and are an exciting and rapidly 
evolving field. Further development will be required before 
radiological imaging can replace BM biopsy for BMPC 
quantitation.

Allele-specific oligonucleotide-qPCR and NGS are commonly 
used to quantify clonal PC in the follow-up of 
treatment response and detection of MRD. Allele-specific 
oligonucleotide-qPCR correlates well with MFC for 
MRD quantification, but has limitations in clonality detection 
and sequencing, which affects its applicability. Next-
generation sequencing has replaced ASO-qPCR because it 
is more sensitive and does not require patient-specific 
primers for MRD monitoring, but using either molecular 
technique for this purpose can be challenging.

Conclusion
Diagnosis and classification of PC neoplasms depends on 
accurate quantification of PC in BM biopsy. Although there 
is no consensus on the optimal method for estimating PC in 
BM, CD138-stained biopsies are the preferred sample for 
this estimation and remain invaluable for diagnosis and 
assessment of response. No sample or method should be 
used in isolation, as they are better used in combination 
for this estimation, and laboratories without advanced 
techniques should continue to use the best methods available 
to them. In our quest for a gold standard method, this will 
require continued research and collaboration to expand and 
improve the currently published methods. Finally, digital 
pathology is likely to redefine the way we practise laboratory 
medicine and the role of the pathologist in this new digital 
age, and limited resources need not necessarily be a limiting 
factor.

Acknowledgements
Competing interests
The authors declare that they have no financial or personal 
relationships that may have inappropriately influenced them 
in writing this article.

Authors’ contributions
E.J.G. conceptualised the manuscript, wrote the original draft 
and participated in the review and editing. Z.C.C. and E.M. 
were involved in the preparation of subsequent drafts and in 
the review and editing of the manuscript.

Ethical considerations
This article followed all ethical standards for research 
without direct contact with human or animal subjects.

Sources of support
This research received no specific grant from any funding 
agency in the public, commercial, or not-for-profit sectors.

Data availability
Data sharing is not applicable to this article as no new data 
were created or analysed in this study.

Disclaimer
The views and opinions expressed in this article are those of 
the authors and are the product of professional research. It 
does not necessarily reflect the official policy or position of 
any affiliated institution, funder, agency, or that of the 
publisher. The authors are responsible for this article’s results, 
findings, and content.

References
1. Swerdlow SH, Campo E, Pileri SA, et al. WHO classification of tumours of the 

haematopoietic and lymphoid tissues the 2016 revision of the World 
Health Organization classification of lymphoid neoplasms. Blood. 
2016;127(20):2375–2390. https://doi.org/10.1182/blood-2016-01-643569

2. Alaggio R, Amador C, Anagnostopoulos I, et al. The 5th edition of the World Health 
Organization classification of haematolymphoid tumours: Lymphoid neoplasms. 
Leukemia. 2022;36:2750. https://doi.org/10.1038/s41375-022-01694-y

3. Rajkumar SV. Multiple myeloma: 2022 update on diagnosis, risk stratification, and 
management. Am J Hematol. 2022;97(8):1086–1107. https://doi.org/10.1002/
ajh.26590

4. Kumar S, Paiva B, Anderson KC, et al. International Myeloma Working Group 
consensus criteria for response and minimal residual disease assessment in 
multiple myeloma. Lancet Oncol. 2016;17.

5. O’Connell FP, Pinkus JL, Pinkus GS. CD138 (Syndecan-1), a plasma cell marker: 
Immunohistochemical profile in hematopoietic and nonhematopoietic 
neoplasms. Am J Clin Pathol. 2004;121(2):254–263. https://doi.org/10.1309/ 
617DWB5GNFWXHW4L

6. Chilosi M, Adami F, Lestani M, et al. CD138/syndecan-1: A useful 
immunohistochemical marker of normal and neoplastic plasma cells on routine 
trephine bone marrow biopsies. Modern Pathol. 1999;12(12): 1101–1106.

7. Colquhoun HL, Levac D, O’Brien KK, et al. Scoping reviews: Time for clarity in 
definition, methods, and reporting. J Clin Epidemiol. 2014;67(12):1291–1294. 
https://doi.org/10.1016/j.jclinepi.2014.03.013

8. Arksey H, O’Malley L. Scoping studies: Towards a methodological framework. Int J Soc 
Res Methodol. 2005;8(1):19–32. https://doi.org/10.1080/1364557032000119616

9. Levac D, Colquhoun H, O’Brien KK. Scoping studies: Advancing the methodology. 
Implement Sci. 2010;5(1):69. https://doi.org/10.1186/1748-5908-5-69

10. Batinić D, Marusić M, Pavletić Z, et al. Relationship between differing volumes of 
bone marrow aspirates and their cellular composition. Bone Marrow Transplant. 
1990;6(2):103–107.

11. Bain BJ, Bates I, Laffan MA, Lewis SM. Dacie and Lewis practical haematology: 
Twelfth edition. Elsevier, London, 2017. Chapter 7, Bone Marrow Biopsy; p. 112–125.

12. Jain G, Das N, Gajendra S, et al. Effect of the sequence of pull of bone marrow 
aspirates on plasma cell quantification in plasma cell proliferative disorders. Int J 
Lab Hematol. 2022;44(5):837–845. https://doi.org/10.1111/ijlh.13887

13. Nadav L, Katz BZ, Baron S, et al. Diverse niches within multiple myeloma bone 
marrow aspirates affect plasma cell enumeration. Br J Haematol. 
2006;133(5):530–532. https://doi.org/10.1111/j.1365-2141.2006.06068.x

14. Bain BJ, Clark DM, Wilkins BS. Bone marrow pathology. John Wiley & Sons, 
Chichester, 2019, Chapter 1, The Normal Bone Marrow; p. 1–53.

15. Islam A. Bone marrow aspiration before bone marrow core biopsy using the same 
bone marrow biopsy needle: A good or bad practice? J Clin Pathol. 
2007;60(2):212–215. https://doi.org/10.1136/jcp.2006.037341

16. Nunez AL, Siegal GP, Reddy VVB, Wei S. CD138 (syndecan-1) expression in bone-
forming tumors. Am J Clin Pathol. 2012;137(3):423–428. https://doi.org/10.1309/
AJCP6V4YPFBOCYXG

17. Terpstra WE, Lokhorst HM, Blomjous F, Th. Meuwissen OJA, Dekker AW. 
Comparison of plasma cell infiltration in bone marrow biopsies and aspirates in 
patients with multiple myeloma. Br J Haematol. 1992;82(1):46–49. https://doi.
org/10.1111/j.1365-2141.1992.tb04592.x

http://www.ajlmonline.org
https://doi.org/10.1182/blood-2016-01-643569
https://doi.org/10.1038/s41375-022-01694-y
https://doi.org/10.1002/ajh.26590
https://doi.org/10.1002/ajh.26590
https://doi.org/10.1309/617DWB5GNFWXHW4L
https://doi.org/10.1309/617DWB5GNFWXHW4L
https://doi.org/10.1016/j.jclinepi.2014.03.013
https://doi.org/10.1080/1364557032000119616
https://doi.org/10.1186/1748-5908-5-69
https://doi.org/10.1111/ijlh.13887
https://doi.org/10.1111/j.1365-2141.2006.06068.x
https://doi.org/10.1136/jcp.2006.037341
https://doi.org/10.1309/AJCP6V4YPFBOCYXG
https://doi.org/10.1309/AJCP6V4YPFBOCYXG
https://doi.org/10.1111/j.1365-2141.1992.tb04592.x
https://doi.org/10.1111/j.1365-2141.1992.tb04592.x


Page 9 of 10 Review Article 

http://www.ajlmonline.org Open Access

18. Smith FB, Elnawawi A. Technical note: A counting strategy for estimating plasma 
cell number in CD138-stained bone marrow core biopsy sections. Ann Clin Lab Sci. 
2008;38(2):138–142.

19. Al-Quran SZ, Yang L, Magill JM, Braylan RC, Douglas-Nikitin VK. Assessment of 
bone marrow plasma cell infiltrates in multiple myeloma: The added value of 
CD138 immunohistochemistry. Hum Pathol. 2007;38(12):1779–1787. https://doi.
org/10.1016/j.humpath.2007.04.010

20. Joshi R, Horncastle D, Elderfield K, Lampert I, Rahemtulla A, Naresh KN. Bone 
marrow trephine combined with immunohistochemistry is superior to bone 
marrow aspirate in follow-up of myeloma patients. J Clin Pathol. 
2008;61(2):213–216. https://doi.org/10.1136/jcp.2007.049130

21. Ng AP, Wei A, Bhurani D, Chapple P, Feleppa F, Juneja S. The sensitivity of CD138 
immunostaining of bone marrow trephine specimens for quantifying marrow 
involvement in MGUS and myeloma, including samples with a low percentage of 
plasma cells. Haematologica. 2006;91(7): 972–975.

22. Ng AP, Wei A, Bhurani D, Chappell P, Feleppa F, Juneja S. CD 138 immunostaining 
of bone marrow trephine specimens is the most sensitive method for quantifying 
marrow involvement in patients with plasma cell dyscrasias. Blood. 
2005;106(11):5071. https://doi.org/10.1182/blood.V106.11.5071.5071

23. Vijayanarayanan A, Inamdar K, Menon M, Kuriakose P. Should CD138 
immunohistochemistry be standard recommended practice for bone marrow 
evaluation of plasma cell neoplasms? Am J Clin Pathol. 2020;154(Supplement_1): 
S110. https://doi.org/10.1093/ajcp/aqaa161.241

24. Štifter S, Babarović E, Valković T, et al. Combined evaluation of bone marrow 
aspirate and biopsy is superior in the prognosis of multiple myeloma. Diagn 
Pathol. 2010;5(1):30. https://doi.org/10.1186/1746-1596-5-30

25. Paiva B, Vidriales MB, Pérez JJ, et al. Multiparameter flow cytometry quantification 
of bone marrow plasma cells at diagnosis provides more prognostic information 
than morphological assessment in myeloma patients. Haematologica. 
2009;94(11):1599–1602. https://doi.org/10.3324/haematol.2009.009100

26. Spears MD, Olteanu H, Kroft SH, Harrington AM. The immunophenotypic stability 
of plasma cell myeloma by flow cytometry. Int J Lab Hematol. 2011;33(5):483–491. 
https://doi.org/10.1111/j.1751-553X.2011.01317.x

27. Ajise OE, Roshal M, Wang L, et al. Clinical utility of morphology, 
immunohistochemistry, flow cytometry, and FISH analysis in monitoring of plasma 
cell neoplasms in the bone marrow. J Hematop. 2016;9(1):9–18. https://doi.
org/10.1007/s12308-015-0264-1

28. Smock KJ, Perkins SL, Bahler DW. Quantitation of plasma cells in bone marrow 
aspirates by flow cytometric analysis compared with morphologic assessment. 
Arch Pathol Lab Med. 2007;131(6):951–955. https://doi.org/10.5858/2007-131-
951-QOPCIB

29. Frébet E, Abraham J, Geneviève F, et al. A GEIL flow cytometry consensus proposal 
for quantification of plasma cells: Application to differential diagnosis between 
MGUS and myeloma. Cytometry B Clin Cytom. 2011;80(3):176–185. https://doi.
org/10.1002/cyto.b.20581

30. Matsue K, Matsue Y, Kumata K, et al. Quantification of bone marrow plasma cell 
infiltration in multiple myeloma: Usefulness of bone marrow aspirate clot with 
CD138 immunohistochemistry. Hematol Oncol. 2017;35(3):176–185. https://doi.
org/10.1002/hon.2300

31. Gantana E, Mashigo N, Abdullah I, et al. Evaluation of an innovative new method 
for quantitation of plasma cells on CD138 immunohistochemistry. J Clin Pathol. 
2023;76(4):261–265. https://doi.org/10.1097/01.HS9.0000850660.08752.99

32. Owen RG, Johnson RJ, Rawstron AC, et al. Assessment of IgH PCR strategies in multiple 
myeloma. J Clin Pathol. 1996;49(8):672–675. https://doi.org/10.1136/jcp.49.8.672

33. Ladetto M, Donovan JW, Harig S, et al. Real-time polymerase chain reaction of 
immunoglobulin rearrangements for quantitative evaluation of minimal residual 
disease in multiple myeloma. Biol Blood Marrow Transplant. 2000;6(3):241–253. 
https://doi.org/10.1016/S1083-8791(00)70006-1

34. Ladetto M, Omedè P, Sametti S, et al. Real-time polymerase chain reaction in 
multiple myeloma: Quantitative analysis of tumor contamination of stem cell 
harvests. Exp Hematol. 2002;30(6):529–536. https://doi.org/10.1016/S0301-
472X(02)00794-4

35. Rustad EH, Misund K, Bernard E, et al. Stability and uniqueness of clonal 
immunoglobulin CDR3 sequences for MRD tracking in multiple myeloma. Am J 
Hematol. 2019;94(12):1364–1373. https://doi.org/10.1002/ajh.25641

36. Ho C, Arcila ME. Minimal residual disease detection of myeloma using sequencing 
of immunoglobulin heavy chain gene VDJ regions. Semin Hematol. 
2018;55(1):13–18. https://doi.org/10.1053/j.seminhematol.2018.02.007

37. Puig N, Sarasquete ME, Balanzategui A, et al. Critical evaluation of ASO RQ-PCR for 
minimal residual disease evaluation in multiple myeloma. A comparative analysis 
with flow cytometry. Leukemia. 2014;28(2):391–397. https://doi.org/10.1038/
leu.2013.217

38. Kyle RA, Gertz MA, Witzig TE, et al. Review of 1027 patients with newly 
diagnosed multiple myeloma. Mayo Clin Proc. 2003;78(1):21–33. https://doi.
org/10.4065/78.1.21

39. Hillengass J, Usmani S, Rajkumar SV, et al. International myeloma working group 
consensus recommendations on imaging in monoclonal plasma cell disorders. Lancet 
Oncol. 2019;20(6):E302–E312. https://doi.org/10.1016/S1470-2045(19)30309-2

40. Hillengass J, Moulopoulos LA, Delorme S, et al. Findings of whole body computed 
tomography compared to conventional skeletal survey in patients with monoclonal 
plasma cell disorders – A study of the international myeloma working group. Blood. 
2016;128(22):4468. https://doi.org/10.1182/blood.V128.22.4468.4468

41. Wolf MB, Murray F, Kilk K, et al. Sensitivity of whole-body CT and MRI versus 
projection radiography in the detection of osteolyses in patients with monoclonal 
plasma cell disease. Eur J Radiol. 2014;83(7):1222–1230. https://doi.
org/10.1016/j.ejrad.2014.02.008

42. Kröpil P, Fenk R, Fritz LB, et al. Comparison of whole-body 64-slice multidetector 
computed tomography and conventional radiography in staging of multiple 
myeloma. Eur Radiol. 2008;18(1):51–58. https://doi.org/10.1007/s00330-007-
0738-3

43. Hinge M, Andersen KT, Lund T, et al. Baseline bone involvement in multiple 
myeloma – A prospective comparison of conventional X-ray, low-dose computed 
tomography, and 18flourodeoxyglucose positron emission tomography in 
previously untreated patients. Haematologica. 2016;101:e415–418. https://doi.
org/10.3324/haematol.2016.146092

44. Zamagni E, Nanni C, Patriarca F, et al. A prospective comparison of 
18F-fluorodeoxyglucose positron emission tomography-computed tomography, 
magnetic resonance imaging and whole-body planar radiographs in the 
assessment of bone disease in newly diagnosed multiple myeloma. Haematologica. 
2007;92(1):50–55. https://doi.org/10.3324/haematol.10554

45. Charalampous C, Goel U, Broski SM, et al. Utility of PET/CT in assessing early 
treatment response in patients with newly diagnosed multiple myeloma. Blood 
Adv. 2022;6(9):2763–2772. https://doi.org/10.1182/bloodadvances.2022007052

46. Zamagni E, Tacchetti P, Cavo M. Imaging in multiple myeloma: How? When? 
Blood. 2019;133(7):644–651. https://doi.org/10.1182/blood-2018-08-825356

47. Usmani SZ, Mitchell A, Waheed S, et al. Prognostic implications of serial 
18-fluoro-deoxyglucose emission tomography in multiple myeloma treated with 
total therapy 3. Blood. 2013;121(10):1819–1823. https://doi.org/10.1182/
blood-2012-08-451690

48. Davies FE, Rosenthal A, Rasche L, et al. Treatment to suppression of focal lesions 
on positron emission tomography-computed tomography is a therapeutic goal in 
newly diagnosed multiple myeloma. Haematologica. 2018;103(6):1047–1053. 
https://doi.org/10.3324/haematol.2017.177139

49. Walker R, Barlogie B, Haessler J, et al. Magnetic resonance imaging in multiple 
myeloma: Diagnostic and clinical implications. J Clin Oncol. 2007;25(9): 
1121–1128. https://doi.org/10.1200/JCO.2006.08.5803

50. Bartel TB, Haessler J, Brown TLY, et al. F18-fluorodeoxyglucose positron emission 
tomography in the context of other imaging techniques and prognostic factors in 
multiple myeloma. Blood. 2009;114(10):2068–2076. https://doi.org/10.1182/
blood-2009-03-213280

51. Gebreslassie KS, Bassa FC, Chapanduka ZC, Warwick JM. The relationship between 
bone marrow involvement on 18F-FDG PET/CT and bone marrow biopsy in 
patients with multiple myeloma and other plasma cell neoplasms. S Afr J Oncol. 
2022;6:197. https://doi.org/10.4102/sajo.v6i0.197

52. Went P, Mayer S, Oberholzer N, Dirnhofer S. Plasma cell quantification in bone 
marrow by computer-assisted image analysis. Histol Histopathol. 2006; 
21(9):951–956. https://doi.org/10.14670/HH-21.951

53. Keller A, Laziuk K, Hammer R, Kovalenko M. Estimation of plasma cells by CD138-
labeled tissue sections is superior to standard bone marrow differential aspirate 
smears and whole slide image analysis. Am J Clin Pathol. 2016;146(suppl_1):164. 
https://doi.org/10.1093/ajcp/aqw151.025

54. Malherbe JAJ, Fuller KA, Mirzai B, Augustson BM, Erber WN. Automated digital 
enumeration of plasma cells in bone marrow trephine biopsies of multiple 
myeloma. J Clin Pathol. 2022;75(1):50–57. https://doi.org/10.1136/
jclinpath-2020-207066

55. Bankhead P, Loughrey MB, Fernández JA, et al. QuPath: Open source software for 
digital pathology image analysis. Sci Rep. 2017;7(1):16878. https://doi.
org/10.1101/099796

56. Baranova K, Tran C, Plantinga P, Sangle N. Evaluation of an open-source machine-
learning tool to quantify bone marrow plasma cells. J Clin Pathol. 2021;74(7):462–
468. https://doi.org/10.1136/jclinpath-2021-207524

57. Fu F, Guenther A, Sakhdari A, McKee TD, Xia D. Deep learning accurately quantifies 
plasma cell percentages on CD138-stained bone marrow samples. J Pathol Inform. 
2022;13:100011. https://doi.org/10.1016/j.jpi.2022.100011

58. Lomas OC, Royston D, Ryou H, et al. Artificial intelligence-based quantitative 
and topological analysis of plasma cell burden: A new tool for the assessment 
of myeloma. Blood. 2022;140(Supplement 1):12603–12604. https://doi.
org/10.1182/blood-2022-158525

59. Gantana EJ, Nell E, Musekwa E, et al. Evaluation of a new technique using artificial 
intelligence for quantification of plasma cells on CD138 immunohistochemistry. 
Int J Lab Hematol. 2023;46(1):50–57. https://doi.org/10.1111/ijlh.14161

60. Chlipala EA, Butters M, Brous M, et al. Impact of preanalytical factors during 
histology processing on section suitability for digital image analysis. Toxicol 
Pathol. 2021; 49(4):755–772. https://doi.org/10.1177/0192623320970534

61. Evans AJ, Brown RW, Bui MM, et al. Validating whole slide imaging systems for 
diagnostic purposes in pathology. Arch Pathol Lab Med. 2022;146(4):440–450. 
https://doi.org/10.5858/arpa.2020-0723-CP

62. Clichet V, Harrivel V, Delette C, et al. Accurate classification of plasma cell 
dyscrasias is achieved by combining artificial intelligence and flow cytometry. Br J 
Haematol. 2022;196(5):1175–1183. https://doi.org/10.1111/bjh.17933

63. Yenamandra A, Hughes C, Maris AS. Artificial intelligence in plasma cell myeloma: 
Neural networks and support vector machines in the classification of plasma cell 
myeloma data at diagnosis. J Pathol Inform. 2021;12(1):35. https://doi.
org/10.4103/jpi.jpi_26_21

64. Kaplan KJ, Rao LKF. Digital pathology: Historical perspectives, current concepts 
and future applications. Springer, London, 2016, Chapter 1, Introduction; p. 1–3

65. Tagliafico AS, Dominietto A, Belgioia L, Campi C, Schenone D, Piana M. Quantitative 
imaging and radiomics in multiple myeloma: A potential opportunity? Medicina 
(Lithuania). 2021;57(2):94. https://doi.org/10.3390/medicina57020094

http://www.ajlmonline.org
https://doi.org/10.1016/j.humpath.2007.04.010
https://doi.org/10.1016/j.humpath.2007.04.010
https://doi.org/10.1136/jcp.2007.049130
https://doi.org/10.1182/blood.V106.11.5071.5071
https://doi.org/10.1093/ajcp/aqaa161.241
https://doi.org/10.1186/1746-1596-5-30
https://doi.org/10.3324/haematol.2009.009100
https://doi.org/10.1111/j.1751-553X.2011.01317.x
https://doi.org/10.1007/s12308-015-0264-1
https://doi.org/10.1007/s12308-015-0264-1
https://doi.org/10.5858/2007-131-951-QOPCIB
https://doi.org/10.5858/2007-131-951-QOPCIB
https://doi.org/10.1002/cyto.b.20581
https://doi.org/10.1002/cyto.b.20581
https://doi.org/10.1002/hon.2300
https://doi.org/10.1002/hon.2300
https://doi.org/10.1097/01.HS9.0000850660.08752.99
https://doi.org/10.1136/jcp.49.8.672
https://doi.org/10.1016/S1083-8791(00)70006-1
https://doi.org/10.1016/S0301-472X(02)00794-4
https://doi.org/10.1016/S0301-472X(02)00794-4
https://doi.org/10.1002/ajh.25641
https://doi.org/10.1053/j.seminhematol.2018.02.007
https://doi.org/10.1038/leu.2013.217
https://doi.org/10.1038/leu.2013.217
https://doi.org/10.4065/78.1.21
https://doi.org/10.4065/78.1.21
https://doi.org/10.1016/S1470-2045(19)30309-2
https://doi.org/10.1182/blood.V128.22.4468.4468
https://doi.org/10.1016/j.ejrad.2014.02.008
https://doi.org/10.1016/j.ejrad.2014.02.008
https://doi.org/10.1007/s00330-007-0738-3
https://doi.org/10.1007/s00330-007-0738-3
https://doi.org/10.3324/haematol.2016.146092
https://doi.org/10.3324/haematol.2016.146092
https://doi.org/10.3324/haematol.10554
https://doi.org/10.1182/bloodadvances.2022007052
https://doi.org/10.1182/blood-2018-08-825356
https://doi.org/10.1182/blood-2012-08-451690
https://doi.org/10.1182/blood-2012-08-451690
https://doi.org/10.3324/haematol.2017.177139
https://doi.org/10.1200/JCO.2006.08.5803
https://doi.org/10.1182/blood-2009-03-213280
https://doi.org/10.1182/blood-2009-03-213280
https://doi.org/10.4102/sajo.v6i0.197
https://doi.org/10.14670/HH-21.951
https://doi.org/10.1093/ajcp/aqw151.025
https://doi.org/10.1136/jclinpath-2020-207066
https://doi.org/10.1136/jclinpath-2020-207066
https://doi.org/10.1101/099796
https://doi.org/10.1101/099796
https://doi.org/10.1136/jclinpath-2021-207524
https://doi.org/10.1016/j.jpi.2022.100011
https://doi.org/10.1182/blood-2022-158525
https://doi.org/10.1182/blood-2022-158525
https://doi.org/10.1111/ijlh.14161
https://doi.org/10.1177/0192623320970534
https://doi.org/10.5858/arpa.2020-0723-CP
https://doi.org/10.1111/bjh.17933
https://doi.org/10.4103/jpi.jpi_26_21
https://doi.org/10.4103/jpi.jpi_26_21
https://doi.org/10.3390/medicina57020094


Page 10 of 10 Review Article 

http://www.ajlmonline.org Open Access

66. Wennmann M, Murray JM. Potential of radiomics and artificial intelligence in 
myeloma imaging: Development of automatic, comprehensive, objective skeletal 
analyses from whole-body imaging data. Radiologe. 2022;62:44–50. https://doi.
org/10.1007/s00117-021-00940-1

67. Arroz M, Came N, Lin P, et al. Consensus guidelines on plasma cell myeloma 
minimal residual disease analysis and reporting. Cytometry B Clin Cytom. 
2016;90(1):31–39. https://doi.org/10.1002/cyto.b.21228

68. Flores-Montero J, Sanoja-Flores L, et al. Next Generation Flow for highly sensitive 
and standardized detection of minimal residual disease in multiple myeloma. 
Leukemia. 2017;31(10):2094–2103. https://doi.org/10.1038/leu.2017.29

69. Paiva B, Gutiérrez NC, Rosiñol L, et al. High-risk cytogenetics and persistent 
minimal residual disease by multiparameter flow cytometry predict 
unsustained complete response after autologous stem cell transplantation in 
multiple myeloma. Blood. 2012;119(3):687–691. https://doi.org/10.1182/
blood-2011-07-370460

70. Lahuerta JJ, Paiva B, Vidriales MB, et al. Depth of response in multiple myeloma: A 
pooled analysis of three PETHEMA/GEM clinical trials. J Clin Oncol. 
2017;35(25):2900–2912. https://doi.org/10.1200/JCO.2016.69.2517

71. Rawstron AC, Böttcher S, Letestu R, et al. Improving efficiency and sensitivity: 
European research initiative in CLL (ERIC) update on the international harmonised 
approach for flow cytometric residual disease monitoring in CLL. Leukemia. 
2013;27(1):142–149. https://doi.org/10.1038/leu.2012.216

72. Stetler-Stevenson M, Paiva B, Stoolman L, et al. Consensus guidelines for myeloma 
minimal residual disease sample staining and data acquisition. Cytometry B Clin 
Cytom. 2016;90(1):26–30. https://doi.org/10.1002/cyto.b.21249

73. Roshal M, Flores-Montero JA, Gao Q, et al. MRD detection in multiple 
myeloma: Comparison between MSKCC 10-color single-tube and EuroFlow 
8-color 2-tube methods. Blood Adv. 2017;1(12):728–732. https://doi.
org/10.1182/bloodadvances.2016003715

74. Cao W, Goolsby CL, Nelson BP, Singhal S, Mehta J, Peterson LAC. Instability of 
immunophenotype in plasma cell myeloma. Am J Clin Pathol. 2008;129(6):926–
933. https://doi.org/10.1309/8UVF7YQ1D4D4ETQV

75. Ghogale S, Tauro W, Priyadarshini A, et al. SLAM Family Member ‘CD229’: A novel 
gating marker for plasma cells in flow cytometric immunophenotyping (FCI) of 
multiple myeloma (MM). Clin Lymphoma Myeloma Leuk. 2017;17(1):E19. https://
doi.org/10.1016/j.clml.2017.03.032

76. Tembhare PR, Ghogale S, Tauro W, et al. Evaluation of CD229 as a new alternative 
plasma cell gating marker in the flow cytometric immunophenotyping of 
monoclonal gammopathies. Cytometry B Clin Cytom. 2018;94(3):509–519. 
https://doi.org/10.1002/cyto.b.21619

77. Sriram H, Ghogale S, Subramanian PG, et al. Evaluation of CD319 (SLAMF7) as a 
novel gating marker for plasma cells in flow cytometric immunophenotyping of 
multiple myeloma. Clin Lymphoma Myeloma Leuk. 2019;19(10):E153. https://doi.
org/10.1016/j.clml.2019.09.255

78. Bakkus MHC, Bouko Y, Samson D, et al. Post-transplantation tumour load in bone 
marrow, as assessed by quantitative ASO-PCR, is a prognostic parameter in 
multiple myeloma. Br J Haematol. 2004;126(5):665–674. https://doi.org/10.1111/
j.1365-2141.2004.05120.x

79. Ladetto M, Brüggemann M, Monitillo L, et al. Next-generation sequencing and real-
time quantitative PCR for minimal residual disease detection in B-cell disorders. 
Leukemia. 2014;28(6):1299–1307. https://doi.org/10.1038/leu.2013.375

http://www.ajlmonline.org
https://doi.org/10.1007/s00117-021-00940-1
https://doi.org/10.1007/s00117-021-00940-1
https://doi.org/10.1002/cyto.b.21228
https://doi.org/10.1038/leu.2017.29
https://doi.org/10.1182/blood-2011-07-370460
https://doi.org/10.1182/blood-2011-07-370460
https://doi.org/10.1200/JCO.2016.69.2517
https://doi.org/10.1038/leu.2012.216
https://doi.org/10.1002/cyto.b.21249
https://doi.org/10.1182/bloodadvances.2016003715
https://doi.org/10.1182/bloodadvances.2016003715
https://doi.org/10.1309/8UVF7YQ1D4D4ETQV
https://doi.org/10.1016/j.clml.2017.03.032
https://doi.org/10.1016/j.clml.2017.03.032
https://doi.org/10.1002/cyto.b.21619
https://doi.org/10.1016/j.clml.2019.09.255
https://doi.org/10.1016/j.clml.2019.09.255
https://doi.org/10.1111/j.1365-2141.2004.05120.x
https://doi.org/10.1111/j.1365-2141.2004.05120.x
https://doi.org/10.1038/leu.2013.375

	Advances in estimating plasma cells in bone marrow: A comprehensive method review
	Introduction
	Methods
	Pre-analytical factors affecting plasma cell estimation
	Bone marrow aspiration and processing for accurate visualisation
	Bone marrow trephine biopsy specimens and selection of appropriate antibodies

	Current methods for estimating plasma cells in bone marrow
	Manual cell counting on bone marrow aspirate smears
	Multiparameter flow cytometry on bone marrow aspirate specimens
	Immunohistochemistry on bone marrow biopsy trephine specimens
	Molecular techniques
	Radiological imaging techniques

	Emerging technologies and innovations
	Digital pathology
	Artificial intelligence

	Estimation of plasma cells in bone marrow for measurable residual disease
	Next-generation flow cytometry
	Next-generation sequencing

	Summary of reviewed methods for plasma cell estimation

	Conclusion
	Acknowledgements
	Competing interests
	Authors’ contributions
	Ethical considerations
	Sources of support
	Data availability
	Disclaimer

	References
	Table
	TABLE 1: Summary of various methods used for the estimation of bone marrow plasma cell percentages, highlighting their advantages and disadvantages.



