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Abstract In this study, we examined clinical utility of mor-
phology, immunohistochemistry (IHC), flow cytometric
immunophenotyping (FC), and multiple myeloma (MM)-spe-
cific fluorescence in situ hybridization (FISH) in evaluation of
disease burden in bone marrow (BM) of plasma cell neo-
plasms (PCNs). Of the 100 consecutive BM samples, 81 dem-
onstrated PCN. CD138 IHC was the most sensitive technique
to assess PCN burden compared to aspirate count or flow
cytometry with mean values of 30 % (range 3–100), 19 (1–
78), and 2.1 (0.01–33.2), respectively. CD138 IHC correlated
well with the aspirate count (r2 = 0.5) but poorly with FC
(r2 =0.1). FC demonstrated the highest sensitivity in assess-
ment of clonality 96 % (79/82), while morphology and IHC
was positive in 84% (71/82), FISH in 79% (59/75) cases. Our
results show that CD138 IHC is the most sensitive method for
assessment of BM PCN burden whereas FC is the most sen-
sitive method to establish the clonal nature of the PCN.

Keywords Bonemarrow . Plasma cell myeloma . Flow
cytometry . Immunohistochemistry . FISH

Introduction

Plasma cell myeloma/multiple myeloma (MM)) is a malig-
nancy of terminally differentiated plasma cells (PCs) and is

the second most common hematologic neoplasm after lym-
phoma [1].MMcomprises about 1% ofmalignant tumors and
10–15 % of hematopoietic neoplasms and causes 20 % of
deaths from hematological malignancies [2]. The detection
of cytogenetic abnormalities is essential in risk stratification
ofMM [3] and is recommended by the best practice guidelines
[4–6].

In addition to other serological and clinical criteria, disease
diagnosis and monitoring depends on the assessment of PC
numbers/burden by morphology and/or immunophenotyping
in bone marrow (BM) specimens. According to the
International Uniform Response Criteria for Multiple
Myeloma, the diagnosis of MM requires the presence of an
M-component in serum and/or urine plus clonal plasma cells
in the bone marrow and/or a documented plasmacytoma and
at least one of the CRAB criteria [7]. In addition, patients with
biopsy-proven amyloidosis and/or systemic light chain depo-
sition disease (LCDD) are classified as Bmyeloma with docu-
mented amyloidosis^ or Bmyeloma with documented LCDD,
^ respectively, if they have greater than or equal to 30 %
plasma cells and/or myeloma-related bone disease [7, 8].

Similarly, the assessment of neoplastic plasma cell num-
bers is an important criterion for disease monitoring. Various
clinical therapeutic response categories in patients with MM
require documentation of plasma cell burden in the marrow.
The assessment Bstringent complete response^ requires the
absence of clonal plasma cells in the bone marrow as demon-
strated by immunohistochemistry and/or flow cytometry; the
assessment of Bcomplete response^ requires ≤5 % plasma
cells in the marrow, and the assessment of partial response in
patients with unmeasurable serum and urine M-protein and
serum-free light assays but with ≥30 % plasma cells at diag-
nosis requires 50 % reduction in plasma cells.

Despite the important role that plasma cell counts/clonality
play in the diagnosis and management of myeloma, very few
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studies have addressed the utilization of various laboratory
methods in establishing plasma cell burden in the marrow.
The aim of this retrospective review study is to provide a
comparison of different testing modalities such as trephine
bone marrow biopsy combined with CD138 and immuno-
globulin light chain immmunohistochemical staining, aspirate
plasma cell counts, flow cytometric analysis, and MM-
specific fluorescence in situ hybridization (FISH) analysis in
the assessment of plasma cell burden.

Material and methods

Patients and samples

The study was approved by the Institutional Review Board at
Memorial Sloan Kettering Cancer Center (MSKCC). One
hundred consecutive patient samples submitted for evaluation
of a plasma cell neoplasm/myeloma were identified using a
search of the surgical pathology database. Patient records were
accessed for age at diagnosis, sex, new or previously
established disease, final diagnosis, percentage of plasma cells
on biopsy combined with immunohistochemistry (BM/IHC),
aspirate, and flow. In addition, FISH analysis for myeloma-
specific chromosomal abnormalities, serum-free light chains,
immunofixation, and beta2 microglobulin records was noted.

Immunohistochemical analysis

Sections of formalin-fixed paraffin-embedded bone marrow
biopsy (5 μm thick) were stained with routine clinical
methods using monoclonal antibodies specific for CD138,
kappa, and lambda A (all from Leica Biosystems,
Newcastle, UK). All IHC staining were performed in the
Bond system automatic immunostaining device using a bond
polymer refine detection kit (Leica Biosystems). Heat-
mediated antigen retrieval was carried out in all samples.
Tonsil tissue was used as positive controls, while negative
controls were performed by using a negative monoclonal an-
tibody on the patient samples. Immunostained sections were
counterstained with hematoxylin.

Plasma cell burden was assessed based on the percentage
of CD138-positive plasma cells as compared to all nucleated
bonemarrow elements using estimates with 5% increments as
previously described [9]. The assessment was performed as
part of standard clinical care, and the results were obtained
from pathology reports. Morphologic evaluation was judged
positive for a plasma cell neoplasm when greater than 5 %
plasma cells with kappa or lambda light chain restriction were
present in the bone marrow biopsy. For kappa light chain
restriction, a ratio greater than 5:1=kappa/lambda and, for
lambda light chain restriction, a ratio lower than 1:2=kappa/
lambda was used. All 100 samples had an evaluable biopsy.

Aspirate smear preparation

Bone marrow first-pull aspirate smears stained with
tetrachrome/Wright Giemsa were used for morphologic as-
sessment. The assessment was performed as part of standard
clinical care, and the results were obtained from pathology
reports. A 400 cell differential count was obtained using con-
ventional bright-field microscopy. Ninety two of the 100 sam-
ples in this study had an evaluable aspirate smear. Two sam-
ples had poor aspirate quality, while six did not have a con-
current aspirate smear performed. Morphologic evaluation
was judged positive for a plasma cell neoplasm when greater
than 5 % PC was present in the BM aspirate sample based on
previously established consensus criteria [8].

Flow cytometric analysis

Immunophenotypic studies were performed on erythrocyte-
lysed (BD Pharm Lyse™) BM aspirate samples within 24 h
of the procedure, using a four-color direct immunofluores-
cence technique aimed at identifying, quantifying, and char-
acterizing PC. The following antibody combinations were
studied as follows: (FITC/PE/PerCPCy5.5/APC: CD19/
CD138/CD38/CD45, CD56/CD138/CD38/CD45, CD20/
CD117/CD38/CD45, CD28/CD33/CD38/CD45, KAPPA/
LAMBDA/CD38/CD45, cyKAPPA/-/CD38/CD45, and
cyLAMBDA/-/CD38/CD45). All antibodies were purchased
from BD Biosciences, San Jose, CA, USA.

Multiparameter flow cytometry (MFC) was performed and
analyzed using a FACSCanto™ flow cytometer (BD
Biosciences) and the FACSDiva software. At least 100,000
total events were acquired, and analysis was performed on
the bright CD38+ events and classified as CD45+ or CD45
−. Flow cytometric (FC) positivity required demonstration of
at least 50 LC-restr icted PCs showing abnormal
immunophenotype. An abnormal immunophenotype was de-
termined to be due to a lack of expression of CD19 and/or
expression of CD20, aberrant expression of CD28, CD56, or
CD117, and/or light chain restriction κ/λ of >4:1 or <1:2. All
100 samples had a corresponding FC analysis performed.

Fluorescence in situ hybridization analysis

Interphase FISH analysis was done on specimens after CD138
cell enrichment using a magnetic bead-based cell isolation
method (STEMCELL Technologies Inc., Vancouver, BC,
Canada). Before enrichment, a cell count was performed using
a Coulter Counter. CD138 cell enrichment was done follow-
ing the manufacturer’s protocol. Briefly, the bone marrow
sample was diluted with a 1:1 volume of EasySep Lysis
Buffer. EasySep positive (CD138) selection cocktail was
added to the bone marrow/lysis buffer mixture and incubated
at room temperature for 15 min. EasySep magnetic
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nanoparticles were then added to the bonemarrow/lysis buffer
mixture and incubated at room temperature for 10 min. The
cell pellet was resuspended in a RoboSep DNase I buffer. This
automated process was programmed as per the manufacturer’s
instructions. Tubes were then centrifuged at 1200 revolutions
per minute (rpms) for 10 min, and cell counts were again
assessed. After careful removal of the supernatant, the pellet
was diluted in a hypotonic potassium chloride solution and
placed in a 37 °C incubator for 30min, followed by the routine
methanol-acetic acid (3:1) fixation. Fixed cell pellets were
ready for FISH analysis.

The number of FISH probes applied to samples depended
on the amount of plasma cells obtained from the EasySep
procedure. Our FISH analysis starts with the NCCN-
recommended markers, i.e., IGH fusions, gain of 1q21
[1p32/1q21 probe set], deletion of 17p13 [TP53 probe], dele-
tions of the long arm of chromosome 13 (13q-)[13q14/13q34
probe set], followed by other markers commonly associated
with MM, i.e., gain of 11/11q [MLL probe], deletions of the
short arm of chromosome 12 (12p-) [TEL probe], 16q deletion
[CBFB probe]. If all the aforementioned markers were nega-
tive, the low-risk markers, i.e., trisomy 5, 9, and 15, were
performed. In terms of IGH fusions, the analysis started with
the high-risk marker, t(4;14)/IGH-FGFR3 and MMSET hy-
brid. If this was negative for t(4;14) but indicating other IGH
fusions, we then used FISH for t(11;14)/IGH-CCND1,
t(14;16)/IGH-MAF, and t(14;20)/IGH-MAFB for IGH at spe-
cific fusions.

Results

Patient population

The 100 samples submitted for assessment of plasma cell
neoplasm were from a total of 91 patients. Nine patients had
a repeated sample submitted for evaluation. The demographic
and clinical features of the group are shown in Table 1. The
bone marrow studies were performed for diagnosis of PCN in
7 cases and for monitoring of previously diagnosed PCN in 93
cases. A bone marrow biopsy specimen and flow cytometric
studies were available in every case, whereas aspirate smears
and FISH results were available in 92 and 86 cases, respec-
tively (Table 2). Overall evidence for an abnormal clonal plas-
ma population was identified in 82 cases by flow cytometry
and/or immunohistochemistry.

Assessment of plasma cell burden by morphology
and immunohistochemistry

In assessment of the plasma cell burden, CD138 immunohis-
tochemistry with immunoglobulin light chain staining on the
biopsy core was the most sensitive method yielding higher

estimates of the plasma cell numbers (p<0.01) compared to
the aspirate count with mean values of 30 % (range 3–100)
and 19 % (1–78), respectively. (Table 2, Figs. 1 and 2).
Overall, there was a good correlation between CD138-based
assessment and aspirate plasma cell counts (r-squared value
0.5, Fig. 3).

Assessment of plasma cell burden by flow cytometric
immunophenotyping

CD138 stain of the biopsy core yielded the highest estimates
of the plasma cell proportion (p<0.01) when compared to
counts obtained by flow cytometric analysis with mean values
of 30 % (range 3–100) and 2.1 (0.01–33.2), respectively
(Table 2, Figs. 2, 4, and 5). The biopsy proportion estimate
correlated rather poorly with flow cytometric evaluation (r-
squared value 0.1) (Fig. 6). Flow cytometry demonstrated
the highest sensitivity in assessment of clonality 96 % (79/

Table 1 Patient demographics and baseline characteristics submitted
for the evaluation of PCN

Male/female (%) 58 (64 %)/33 (36 %)

Age, years; median (range) 58 (34–81)

Initial biopsy sample (%) 7 (7 %)

Follow-up sample (%) 93 (93 %)

Clinical diagnosis on submission (%)

Multiple myeloma 95 (95 %)

Amyloidosis 3 (3 %)

MGUS 2 (2 %)

Transplantation status (%)

Post-transplant 14 (14 %)

Pre-transplant 86 (86 %)

Laboratory values (units)

β2 microglobulin, units, median (range) (1.1–19.5) 2.5

Table 2 Comparison of the various sample findings when using
different modalities

Modality Normal result (%) Abnormal result (%)

Plasma cells by CD138 IHC 29 (29 %) 71 (71 %)

n= 100

Plasma cells by aspirate counts 33 (36 %) 59 (64 %)

n= 92

Plasma cells by flow 21 (21 %) 79 (79 %)

n= 100

Plasma cells by FISH analysis 27 (31 %) 59 (69 %)

n= 86

n total number of samples analyzed by the specific modality

J Hematopathol (2016) 9:9–18 11



82), while morphology with IHC was judged positive in 84 %
(71/82) of cases, followed by MM FISH/cytogenetics 79 %
(59/75).

All 79 samples with abnormal flow cytometry results had
at least one immunophenotypic aberrancy other than light
chain restriction. The most frequent immunophenotypic

aberrations were as follows: the absence of CD19 (98 %),
CD45 low to negative (88 %), CD56 positivity (69 %),
CD117 positivity (43 %), and CD20 positivity (30 %). In
addition, flow cytometry provided information on the propor-
tion of the abnormal plasma cells among the total plasma cell
population.

Fig. 1 a A case of minimal
involvement by PCs (black
arrow) hematoxylin and eosin,
400 (upper left). b CD138
immunostain performed on BM
biopsy of the sample from a
showing 5 % involvement
(middle left). c The aspirate from
the sample demonstrates 4 % PCs
tetrachrome/Wright Giemsa,
1000 (lower left). d Focal clusters
of PCs from a different patient
sample (thick black arrow)
hematoxylin and eosin, 400
(upper middle). e CD138
immunostain performed on BM
biopsy of the sample from d
showing 25 % involvement
(middle). f The aspirate from the
sample demonstrates 11 % PCs
tetrachrome/Wright Giemsa,
1000 (lower middle). g Sheets of
PCs hematoxylin and eosin, 400
(upper right). h CD138
immunostain performed on BM
biopsy of the sample from g
showing 80 % involvement
(middle right). i The aspirate from
the sample demonstrates 59 %
PCs tetrachrome/Wright Giemsa,
1000 (lower left)

Fig. 2 Comparison of different testing modalities, BM CD138 IHC,
aspirate smear counts, myeloma-specific interphase FISH, and FC in
the 100 samples. Each vertically stacked box represents one sample.
The blue, green, orange, and red boxes represent cases positive for PC

neoplasm with different testing modalities. Gray boxes represent cases
negative for PC neoplasm with different testing modalities. White boxes
represent cases that were not tested with respective method
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Fig. 3 Correlation of percentage
of plasma cells by BM CD138
IHC and aspirate smear count
(n = 92) (p= 0.001)

Fig. 4 Analysis of plasma cells
by four-color flow cytometry
(FC). a The cells with dim to
negative expression of CD45 and
bright CD38 (green dots) are the
neoplastic PCs. b, c These PCs
also express CD138 but exhibit
aberrant expression of CD56 and
CD20 (partial). d, e The PCs
demonstrate cytoplasmic kappa
light chain restriction when
compared with lambda. FITC
fluorescein isothiocyanate, PE
phycoerythrin, PE-Cy5.5
PE-cyanine 5.5, APC
allophycocyanin. P2 gate
represents plasma cells with
normal phenotype

J Hematopathol (2016) 9:9–18 13



Fig. 5 FC of bonemarrow PCs in
a patient with 3 % normal plasma
cells on BM CD138 stain and
aspirate count but with
aberrancies seen by FCM. PCs
were selected by gating on low
dim to negative CD45 and bright
CD38-positive events. a The
abnormal PC population is
highlighted by green dots and is
negative for CD45. b The
abnormal PCs (red circle) express
CD138 while negative for CD19.
c, d In addition, the PCs show
aberrant expression of CD56 and
CD117. d, e Lastly, the PCs show
cytoplasmic lambda light chain
restriction when compared with
kappa. FITC fluorescein
isothiocyanate, PE phycoerythrin,
PE-Cy5.5 PE-cyanine 5.5, APC
allophycocyanin. P2 gate
represents plasma cells with
normal phenotype; P3 gate
represents plasma cells with
abnormal phenotype

Fig. 6 Correlation of percentage
of plasma cells by FC analysis
and BM CD138 IHC (n= 100)
(p = 0.24)

14 J Hematopathol (2016) 9:9–18



Assessment of plasma cell burden by FISH analysis

The findings are summarized in Table 3. MM FISH/
cytogenetics was not as sensitive as FC or BM CD138
IHC 80 % (59/75). However, MM FISH analysis had a
100 % positive predictive value in the 100 samples ana-
lyzed. Of the positive cases, the most common FISH abnor-
mality were aberrancies involving chromosome 13 follow-
ed by an increase in MLL. All nine patients with repeat
samples had recurrent genetic aberrations by FISH analysis.
Some patients (four of nine patients 44 %) had additional
aberrations on follow-up samples. This likely represents
progression in such cases.

Discordant cases

Ninety-three samples had concordant findings of the biopsy/
IHC and flow cytometry (concordance rate of 93 %). Five
samples were positive by flow but negative on the biopsy/
IHC. These discordant cases all had <5 % plasma cells on
the biopsy. We had concurrent MM FISH analysis on four of
the five discordant cases. FISH results showed that three of the
four cases (75 %) were also positive on FISH analysis. This
supports the findings that flow is more sensitive in the estab-
lishment of residual disease. There were two cases that were
positive by biopsy/IHC while negative by flow. Flow reports
on these samples indicated significant clotting that yielded
suboptimal flow samples.

Discussion

Identification of neoplastic plasma cells in the bone marrow is
important for the accurate diagnosis and disease monitoring in
patients with a PC neoplasm. The utility of different testing

modalities such as morphology combined with CD138 immu-
nostain, aspirate PC count, flow cytometric analysis, and
myeloma-specific FISH has not been well established. In this
study, we evaluated the utilization of different testing modal-
ities and demonstrated that IHC for CD138 is the most sensi-
tive method for assessment of PC numbers in the BM speci-
mens involved by a PC neoplasm. In contrast, FC
immunophenotyping appears to be the most sensitive method
to establish the clonal nature of the BM PC. In contrast, our
data indicate that FISH analysis on CD138 selected PC does
not offer additional information for disease monitoring but
may be useful when there is a question of clinical progression
by acquisition of high-risk genetic abnormalities such as 17p
deletions or MYC region gene rearrangements.

Methodological/analytical considerations

Immunohistochemistry

The morphology of plasma cells in the BM biopsy can be
difficult to assess on routine hematoxylin and eosin (H&E)
stains due to its resemblance to myeloid progenitors, and
therefore, CD138 is extremely helpful in detecting the plasma
cells. CD138 (syndecan-1) is a member of the syndecan fam-
ily that comprises heparan sulfate proteoglycans. CD138 is
significant for cell-cell and cell-matrix interactions. In adult
human tissues, CD138 is predominantly expressed in epithe-
lial cells and plasma cells. Of importance, within the BM
microenvironment, it was found to be a specific marker for
plasma cells and was not present in association with other
hematopoietic cells or endothelial cells [10].

Our data shows that the use of CD138 on trephine bone
marrow specimens yielded the highest enumeration of plasma
cell burden when compared to other testing modalities. PC
neoplasms are often focal (with small PC clusters or
microaggregates), a fact that impacts the accuracy and reliabil-
ity of the results of bone marrow plasma cell percentages
obtained by differential counts of bone marrow aspirate
smears. In addition, sampling differences between BM biopsy
and aspirate specimens most likely explains the differences
observed between the use of IHC and FCM results.

This supports previous data which suggests that CD138 is a
highly sensitive and specific marker which is useful for the
rapid and precise localization of normal and neoplastic PCs on
routine BM sections [11]. Other markers such as IRF4/MUM1
[12] and VS38c [13] have also been shown to be specific for
plasma cell detection in formalin-fixed paraffin-embedded
specimens. However, the role of these markers in monitoring
in plasma cell neoplasms has not been investigated.

Quantitation of bone marrow plasma cell percentage by the
visual estimation of plasma cells using CD138 cell membrane
staining has been suggested to give a higher estimation of the
true plasma cell burden due to a larger area of bone marrow

Table 3 Myeloma-specific FISH findings (n= 86)

Abnormal FISH (%) 59 (69 %)

T(4;14) 10 (12 %)

T(11;14) 11 (13 %)

T(8;14) 1 (1 %)

1q25 (increase) (17 %)

CBFB 13 (15 %)

Del(13q) 6 (7 %)

Monosomy 13 26 (30 %)

Del(17p) 11 (13 %)

MLL (increase) 27 (31 %)

ETV6 (increase) 5 (6 %)

Del ETV6 4 (5 %)

High risk: any t(4;14), t(14;16), or del(17p) 17 (20 %)

J Hematopathol (2016) 9:9–18 15



space occupied by PCs. Hence, other methods of PC enumer-
ation such as multiple myeloma oncogene-1 (MUM-1), which
exhibits nuclear staining, have been proposed to give a better
estimate. However, MUM1 protein is expressed in a wide
spectrum of hematolymphoid cells, decreasing its specificity
in routine bone marrow specimens when compared to CD138
[12]. Plasma cell percentages obtained with CD138 sections
have been previously shown to have the highest inter-observer
concordance when compared with aspirate counts [14].
However, the reproducibility of PC percentage counts in itself
by various observers is not well established. We suggest care-
ful consideration of the above-suggested limitations of CD138
stain when assessing the percentage of plasma cell burden.

Aspirate counts

Our data reveals that BM CD138 IHC consistently revealed
greater numbers of plasma cells in the bone marrow compared
to aspirate counts as previously reported [9]. This difference
can be explained by various pre-analytical and analytical var-
iables including poorly representative, hemodiluted bone mar-
row aspirate specimens, clotting, sampling variability second-
ary to focal disease distribution, and inter-observer variability
among others [9].

In addition, we found that PC enumeration by aspirate
counts was less sensitive when compared to FISH analysis
in the determination of bone marrow involvement by neo-
plastic plasma cells. This may be explained partly due to the
enrichment of plasma cells using CD138 selection prior to
performing the myeloma-specific interphase FISH
procedure.

Assessment of plasma cell cytomorphology is best appre-
ciated on the aspirate smears when compared to the H&E
section and/or CD138 IHC staining. Morphologic evaluation
of PCs on the bone marrow trephine biopsy is best performed
when the plasma cell burden is moderately to markedly in-
creased, but at lower PC burden, the morphology is not well
appreciated due to the presence of background myeloid
precursors.

Flow cytometric analysis

FC is a multiparametric technique that has proven to be
useful in the diagnosis of hematopoietic neoplasms as
well as monitoring for minimal residual disease in the
post-therapy setting [15]. Our data indicates that plasma
cell enumeration using four-color FC analysis demonstrat-
ed the lowest percentage of plasma cell numbers when
compared to the other modalities. This is in line with
previous studies which showed that despite the use of
sensitive techniques, FCM usually identifies fewer plasma
cells than paraffin section CD138 IHC of biopsy sections
[16]. The reason for the wide differences in plasma cell

enumeration by conventional morphology combined with
CD138 IHC and aspirate PC counts versus FCM is mul-
tifactorial. It has been attributed to the heterogeneous and
often patchy pattern of bone marrow plasma cell infiltra-
tion in PC disorders and hence likely reflects sampling
differences [17–19]. FCM is performed on the BM aspi-
rate fluid which is depleted of lipid-adhesive PC [17] and
shows greater contamination with peripheral blood. Both
factors may also contribute to the lower PC counts and the
limited diagnostic value of FCM PC counts [9, 17, 18]. In
addition, plasma cells appear to be more easily lost during
processing. Lastly, at MSKCC, the trephine bone marrow
biopsy and aspirate sample are obtained earlier (first pull)
whereas the aspirate material obtained for FCM is usually
obtained from later aspirations or pulls and can often be
of poor quality and not representative. In contrast, our
data shows that FCM is the most sensitive method to
establish the clonal nature of the BM PC when compared
to other modalities.

FISH

The enrichment of plasma cells after separation of
CD138+ cells prior to the performance of myeloma-
specific interphase FISH helped to increase the sensitivity
of the FISH test; however, the sensitivity of other testing
modalities, e.g., FCM and CD138 IHC staining, was still
higher. This greatly limits the use of myeloma-specific
FISH in the routine follow-up of patients with an
established PC neoplasm/myeloma. We observed a persis-
tence of the similar cytogenetic abnormalities in a great
majority of the repeated samples from the same patients.
This supports the past observation that genetic abnormal-
ities detected by cytogenetics/FISH analysis at the time of
diagnosis can be used in the prognosis and risk stratifica-
tion for guiding treatment in PC neoplasm/myeloma pa-
tients [3].

Previous studies have shown a loss of CD138 in samples
stored in a cold environment (refrigerator) or when sample
processing was delayed at the initial stage of setting up the
assay [20]. In addition, identical samples analyzed with dif-
ferent RBC lysis methods or incubation periods yielded vari-
able results. Given the high success rate of FISH analysis, the
loss of CD138 during processing is not a major practical issue
for CD138 bead enrichment method.

Discordant cases

Two samples were positive on morphology while negative by
FC. FC reports on these cases noted that FC samples were
clotted. Clotted samples processed by flow cytometry usually
yield negative and inaccurate results. Accordingly, some stud-
ies have proposed lysis of the clots with streptokinase in
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situations where additional samples cannot otherwise be ob-
tained [21]. Five samples were positive by flow but negative
on the biopsy/IHC. On further review, all five cases had less
than 5% plasma cells both by IHC and on aspirate counts. The
positive flow results on these five cases were also positive by
FISH in 75 % of the samples tested. The ≤5 % plasma cells in
the marrow required for the determination of complete re-
sponse which was proposed by the international uniform re-
sponse criteria for multiple myeloma may not be applicable in
these cases which show definite involvement by the neoplastic
plasma cell clone. We propose using the clonality established
by flow for all such cases to determine the further manage-
ment of these patients.

Clinical considerations

From clinical perspective, we suggest that plasma cell
numbers/enumeration obtained by CD138 may be the best
established method for determination of tumor burden. The
assessment of minimal residual disease (MRD) levels is of
great utility to monitor the effects of therapy and predict pa-
tient outcome. In addition, accurate monitoring of minimal
disease is vital when attempting to increase duration of remis-
sion. Our data shows that FCM is more sensitive in detecting
very small numbers of abnormal plasma cells than CD138 by
IHC and hence is more applicable in the follow-up of patients
with an established PC neoplasm for the determination of
MRD status. This supports previous findings which suggest
that patients who achieve a FCM complete remission at day
100 post-transplant have a significantly longer progression-
free and overall survival [22]. Cytogenetic analysis has a role
in establishing prognosis at the time of initial diagnosis but no
superior role in the monitoring of disease.

In conclusion, we recommend CD138 assessment of tumor
burden with the use of flow cytometric analysis for the eval-
uation of an abnormal phenotype to establish clonality and
MRD.
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