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Abstract
Introduction: Recently, there has been enormous progress in the diagnosis and treatment of multiple myeloma (MM). 
Despite the importance of flow cytometry and cytogenetics, biomarkers are being sought to assess prognosis and 
responses to treatment. The aim of this study was to determine the significance of histological evaluation and immuno-
histochemical markers in MM patients.
Material and methods: A retrospective analysis was performed in 90 bone marrow (BM) biopsies collected during the 
diagnosis period and related to the recognized prognostic factors and response to treatment. Standardized staining 
methods and monoclonal antibodies were used to detect clusters of differentiation antigens — CD138, CD56, CD20, 
CD117, cyclin D1, p53, kappa and lambda light chains.
Results: During the follow-up period of 49.6 (2–119.7) months in patients with increased levels of β2-microglobulin, 
higher ISS (International Prognostic Classification) stage, with resistance to induction and higher relapse rate after 
first-line, a clonal lambda plasmocytes infiltration was observed. It also affected the response to induction with immu-
nomodulatory drugs (IMiDs), but not bortezomib. The lowest response rate to IMiDs was noted in patients with CD117- 
-lambda+ and CD56-lambda+ plasma cells. Clonal lambda hyperplasia was connected with a reduction in overall sur-
vival [hazard ratio (HR) 2.4; 95% confidence interval (CI): 0.96–5.92, p =0.047] and in progression-free survival (PFS) 
(HR 4.32, 95% CI: 1.9–9.5, p =0.0002). The presence of plasmocytes with phenotype CD117-lambda+ (HR 3.37; 95% 
CI: 1.57–7.24, p =0.002) and CD56-lambda+ (HR 3.44; 95% CI: 1.63–7.27, p =0.001) contributed to PFS shortening.
Conclusion: BM biopsy with immunohistochemistry allows the identification of poorly prognostic patients with MM.
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Introduction

Multiple myeloma (MM) is a disease of plasma cells neo-
plasms. It is the third commonest cancer of the lymphoid 
tissue in adults in Poland according to the number of 
new cases. According to the criteria updated in 2014, the 

diagnosis is based on the presence of clonal infiltration of 
pathological plasma cells in a tissue biopsy or bone marrow 
(BM) (at least 10% of cells) and the presence of at least one 
of the symptoms that defines myeloma [1, 2]. The methods 
for assessing the neoplastic character of plasma cells in-
clude immunohistochemistry (IHC), immunophenotyping, 
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and cytogenetic tests. The evaluation of clonal character is 
based on the presence of the disturbed proportion of kappa 
positive to lambda positive plasmocytes based on the IHC 
study of trephine biopsies and the aberrant phenotype of 
plasma cells. Despite the increased importance of flow 
cytometry (FC) in recent years [3], histological examination 
of the bone marrow remains the basic method to assess the 
percentage of infiltration (which can be underestimated in 
the FC assessment), fibrosis and the pattern of neoplastic 
infiltration [4, 5]. In addition, the use of the extended panel 
of IHC antibodies allows a more accurate analysis of bone 
marrow involvement and the distinguishing of prognostic 
factors at the diagnostic biopsy.

The aim of this study was to determine the diagnostic 
usefulness of selected parameters of histological evalua-
tion of bone marrow and immunohistochemical markers 
in a group of patients with newly diagnosed (NDMM) or 
refractory/relapsed MM (RRMM), as well as the determi-
nation of histological prognostic factors in trephine biop-
sies of NDMM.

Material and methods

A group of 202 patients diagnosed with multiple myeloma 
treated at the Department of Hematology and Bone Mar-
row Transplantation at the Medical University of Poznan, 
Poland in 2008–2016 was included in an initial analysis. 
The inclusion criterion was a diagnosis of MM according 
to the 2014 International Myeloma Working Group (IMWG) 
definition in adult patients. The exclusion criteria from 
the study were the coexistence of another neoplastic 
disease, or a diagnosis of plasma cell (PC) leukemia and 
bone marrow infiltration by histopathology of below 10%. 
Eventually, 90 patients with MM met all of the above cri-
teria (47 women and 43 men), with median age 60 years 
(range 32–86).

Archival trephine biopsies obtained from the posterior 
superior iliac spine, collected during the standard diag-
nostics of newly diagnosed (n =56) or refractory/relapsed 
(n =34) MM patients, were prepared and stained by stan-
dard methods in the Cancer Pathology Department of the 
Greater Poland Cancer Center in Poznan (Table I). Micro-
scopic evaluation was made by an experienced patholo-
gist according to the recommendations of the International 
Council for Standardization in Hematology in 2008. The his-
tological parameters of the bone marrow were analyzed for 
the percentage of plasmocytes based on hematoxylin and 
eosin (H+E) staining and immunohistochemical staining for 
the presence of CD138 antigen (cluster of differentiation), 
distribution pattern (three types of infiltration were distin-
guished: diffuse/clusters of plasmocytes/interstitial) and 
cytomorphological type of infiltration (plasmablastic and im-
mature) [6]. For cytomorphological verification, each time 
the bone marrow smear from BM aspirate was assessed, 

thus confirming the diagnosis of MM. The grade of marrow 
fibrosis (MF) was described on a four-point scale (MF0– 
–MF3) based on histochemical staining for the presence of 
reticulin fibers [7]. The following IHC stains were evaluated: 
CD138, CD56, CD20, CD117, cyclin D1, p53 protein, kappa 
and lambda light chains to determine the clonality and to 
reveal the aberrant phenotype of myeloma cells (Table I) 
[8–15]. In this study, we use the term kappa or lambda 
plasma cells infiltration if the kappa positive to lambda 
positive cells ratio in IHC was >4:1 or <1:2 respectively. In 
addition, the analysis included clinical data (date of diag-
nosis, initiation of therapy, disease progression, last ob-
servation/death, type of first line therapy, and response to 
induction therapy), laboratory [monoclonal protein class, 
immunoglobulin light chain type, albumin, beta2-microglob-
ulin (β2M) and creatinine concentration, lactate dehydroge-
nase activity] and cytogenetic aberrations [minimum panel 
by IMWG included t(4;14), t(14;16), del(17p) [16] (Table II).

The median observation time was 49.6 (2–119.7) 
months.

Firstly, a comparative analysis of patients with newly 
diagnosed or refractory/relapsed disease was performed 
in terms of clinical, laboratory and histological parameters. 
Afterwards, to determine the prognostic value, a statistical 
analysis of the association between histological parameters 
and well defined prognostic factors (Table III) [17–20] was 
performed using the Pearson chi-square independence test 
and Fisher’s exact test. The assessment of overall survival 
(OS) and progression-free survival (PFS) were made using 
Kaplan-Meier curves, which were then compared using the 
Log-rank test. To determine the factors affecting the OS and 
PFS, the Cox proportional hazard regression model was 
used with the determination of the hazard ratio (HR) with 
a 95% confidence interval (CI). All tests were evaluated at 
the significance level, which was p <0.05.

The study protocol was approved by the Local Bioeth-
ics Committee at the University of Medical Sciences in 
Poznan, and was carried out with accordance with Decla-
ration of Helsinki.

Results

The bone marrow cellularity was higher in the group of newly 
diagnosed patients than in those with refractory/relapsed 
disease. However, there were no statistically significant 
differences in the percentage of infiltration, the distribu-
tion pattern, the histological type of infiltration, the fibrosis 
stage or the frequency of immunohistochemical markers 
expression (p >0.05) (Table IV).

Analyzing the group of 56 patients with newly diag-
nosed MM, an association between the type of neoplas-
tic infiltration and the severity of fibrosis, as well as the 
Durie-Salmon stage, was observed. In patients with diffuse 
neoplastic infiltration, bone marrow fibrosis (p =0.001) and 
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Table I. Methodology of histological and immunohistochemical staining

Average length of analyzed biopsies

14.1 mm (range 9–28)
Trephine biopsy preparation

Tissue material was fixed in 10% buffered formalin at pH 7.4; then placed in 10% formic acid for 24 h; transferred to a tissue 
processor; prepared tissue embedded in paraffin at 60°C using standard histopathological methods; from the obtained paraffin 
blocks, sections 4–5 μm thick were cut on a microtome, placed on adhesive slides, and left for 1 h at 60°C
Histological staining for morphological assessment

Hematoxylin and eosin staining
Staining for presence of reticulin fibrosis

BENCHMARK Special Stains Stainer Module by Ventana Medical System/Roche Diagnostics
Immunohistochemical markers determination (clone of antibody; kit and IHC method; IP staining)

Cyclin D1 Rabbit anti-cyclin D1 from Roche (clone SP4-R); IHC method with use of ultraView Universal DAB 
Detection Kit by Roche; IP on BenchMark Ultra from VentanaMedical System/Roche Diagnostics

CD56

CD138

CD117

Lambda LC

Kappa LC

Monoclonal RTU and polyclonal antibodies from DAKO: murine antibodies anti-CD56 (IR642), anti- 
-CD138 (IR642) and rabbit polyclonal antibodies concentrated against: CD117 kit (A4502), lambda 
light chains (A0193) and kappa light chains (A0191); IHC method with use of DAKO En VisionTM 
FLEX+ system, antigens were detected in paraffin sections in DAKO’s Target Retrieval Solution, High 
pH buffer in a PT-link apparatus at 97°C, 20 min.; IP staining DAKO Autostainer Link 48 apparatus

CD20

p53

Murine monoclonal antibodies from DAKO: anti-CD20 (GA604) and anti-p53 (GA616); IHC method 
with use of DAKO En VisionTM FLEX + system; IP staining was performed in OMNIS apparatus by 
DAKO

Cut-off percentage for positive result (+)

Literature data* Mean values in research group

CD56 50 40

CD20 10 20

CD117 5 10

p53 10 >0

cyclin D1 10 30

CD138 10 10

LC kappa/lambda kappa[+]/ lambda[+] cells ratio > 4:1 or < 1:2
*[8–15]; IHC — immunohistochemical; IP — immunoperoxidase; LC — light chain

a more advanced stage of disease were more common  
(p =0.006). Among patients with unfavorable cytogenetic 
aberrations, the immature and plasmablastic type of tumor 
infiltration was observed more frequently (with del17p vs. 
without del17p — 21.4% vs. 2.3% respectively; p =0.044; 
with t(4;14) vs. without t(4;14) — 28.6% vs. 4.1% respec-
tively; p =0.049). With an increasing percentage of bone 
marrow involvement (<20% vs. 20–50% vs. >50%), the 
occurrence of diffuse pattern versus clusters and intersti-
tial type of infiltration (p =0.001) and higher stage of fibro-
sis (p =0.006) were observed more often. The analysis of 
significance of IHC markers revealed that the presence of 
high expression of CD56 (≥50% of cells) correlated with the 
occurrence of t(4;14) (p =0.046). Moreover, CD20 expres-
sion (≥20% of cells) was connected with a diffuse pattern 

of tumor infiltration (p =0.026) and a higher stage of bone 
marrow fibrosis (p =0.004). The presence of the lambda 
immunoglobulin light chain on the clonal plasmocytes was 
associated with an elevated β2M concentration (p =0.017), 
a higher ISS stage (p =0.04), a lack of response to induc-
tion therapy (p =0.009), and more frequent relapses after 
the first line of treatment (p =0.006) (Table V).

A histological risk factor for OS shortening was the 
presence of lambda plasma cells infiltration (HR 2.4, 95% 
CI: 0.96–5.92, p =0.047) (Figure 1). Lambda positive pa-
tients achieved median survival (42.3 months) in contrast 
to kappa positive ones, whereas the finding of plasmocytes 
with the CD117-kappa+ and CD56-kappa+ phenotype was 
associated with longer survival (HR 0.25, 95% CI: 0.09– 
–0.72, p =0.01 and HR 0.24, 95% CI: 0.08–0.75, p =0.014, 
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Table II. Characteristics of study group at time of diagnosis

Variable Total 
n =90

NDMM 
n =56

RRMM 
n =34

p

Sex 90 M

n =26

F

n =30

M

n =17

F

n =17

Age (years)

Median 60.0 63.0 63.5 58.0 55.0

Min 32.0 32.0 48.0 45.0 42.0

Max 86.0 81.0 86.0 68.0 77.0

Class of M-protein n [%] n [%] n [%]

IgG 44 48.9 24 42.9 20 58.8

0.542

IgM 1 1.1 1 1.8 0 0

IgA 24 26.6 17 30.4 7 20.6

Light chain disease 19 21.1 12 21.4 7 20.6

Non-secretory 2 2.2 2 3.6 0 0

Light chain in serum (IF)

Kappa 54 60 30 53.6 24 70.6

0.265Lambda 34 37.8 24 42.9 10 29.4

Non secretory 2 2.2 2 3.6 0 0

Albumin

<35 g/L 31 34.4 21 37.5 11 32.4 0.621

β2-microglobulin

>3.0 mg/L 38 42.2 27 48.2 11 32.4 0.14

LDH

>ULN 20 22.2 15 27.8 5 14.7 0.154

>2 ×ULN 3 3.3 2 3.7 1 2.9 1

Creatinine

> 115 µmol/L 15 16.7 9 16.1 6 17.7 0.846

Clinical staging

ISS

1 39 43.3 23 41.1 16 47.1

0.3252 36 40.0 21 37.5 15 44.1

3 15 16.7 12 21.4 3 8.8

R-ISS

1 19 21.1 8 14.3 11 32.3

0.1142 62 68.9 41 73.2 21 61.8

3 9 10.0 7 12.5 2 5.9

DS

IA 20 22.2 13 23.2 7 20.6

0.98

IB 1 1.1 1 1.8 0 0

IIA 4 4.4 3 5.4 1 2.9

IIB 3 3.3 2 3.6 1 2.9

IIIA 56 62.2 33 58.9 23 67.7

IIIB 6 6.7 4 7.1 2 5.9

Aberrations in FISH

del17p 21 23.3 14.0 25.0 7 20.6 0.631

t(14;16) 3 3.3 3.0 5.4 0 0.0 0.287

t(4;14) 9 10.0 7.0 12.5 2 5.9 0.474
→
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Table II (cont.). Characteristics of study group at time of diagnosis

Variable Total 
n =90

NDMM 
n =56

RRMM 
n =34

p

Classification by Rajkumar

Standard 58 64.4 36.0 64.3 22 64.7

0.451Medium 9 10.0 4.0 7.1 5 14.7

High 23 25.6 16.0 28.6 7 20.6

Classification mSMART

Standard 54 60.0 30 53.6 24 70.6

0.318Medium 12 13.3 9.0 16.1 3 8.8

High 24 26.7 17.0 30.4 7 20.6
NDMM — newly diagnosed multiple myeloma; RRMM — refractory/relapsed multiple myeloma; M — male; F — female; IgG — immunoglobulin G; IgM — immunoglobulin M; IgA — immunoglobulin A;  
LDH — lactate dehydrogenase; ULN — upper limit of normal; ISS — International Staging System; R-ISS — Revised International Staging System; DS — Durie-Salmon Staging System; FISH — fluorescence in situ 
hybridization; mSMART — Mayo Stratification of Myeloma and Risk-Adapted Therapy

Table III. Defined prognostic factors in multiple myeloma,  
in reference to which importance of histological parameters  
was determined

Prognostic factor

Cytogenetic aber-
rations in FISH

del17p, t(14;16), t(4;14)

Cytogenetic risk 
groups

mSMART [17] and by Rajkumar [18]

Histological para-
meters

Fibrosis grade

Distribution pattern

Histological type of infiltration

Laboratory para-
meters

Type of monoclonal protein

Type of serum light chain in electrop-
horesis

↓ albumin concentration

↑ β2M concentration

↑ creatinine concentration

↑ LDH activity

Stage of disease by Durie-Salmon, ISS, R-ISS classifica-
tion [19, 20]

Clinical response Relapse after first-line treatment

Lack of response to first-line treatment
FISH — fluorescence in situ hybridization; mSMART — Mayo Stratification of Myeloma and Risk-
-Adapted Therapy; β2M — beta2-macroglobulin; LDH — lactate dehydrogenase; ISS — International 
Staging System; R-ISS — Revised International Staging System

respectively). The presence of clonal lambda infiltration (HR 
4.32, 95% CI: 1.9–9.5, p =0.0002), as well as the presence 
of plasmocytes with the CD117-lambda+ (HR 3.37, 95% 
CI: 1.57–7.24, p =0.002) and CD56-lambda+ phenotype 
(HR 3.44, 95% CI 1.63–7.27, p =0.001), were determined 
as immunohistochemical risk factors affecting PFS in the 
study group (Figure 2).

In the group of patients with newly diagnosed MM, 
the overall response rate (ORR) to the first line treatment 
was 69.1% (38/56 patients), and was a factor favorably 
affecting OS (HR 0.39; 95% CI: 0.16–0,95, p =0.038). In 
addition, it was demonstrated that the presence of tumor 
cells expressing the lambda chain was a factor negatively 
affecting the response to induction therapy with immuno-
modulatory drugs (IMiDs) (ORR 36.4% vs. 86.9% for kap-
pa patients; p =0.005). The lowest percentage of respons-
es to IMiDs was found in patients with CD117-lambda+ 
(p =0.009) and CD56-lambda+ (p =0.014) tumor cells phe-
notype. The above correlations were not observed in the 
group treated with bortezomib. It has been shown, howev-
er, that patients with increased CD20 expression achieved 
a response to bortezomib treatment (p =0.022) statistical-
ly less frequently.

Discussion

Despite the development of modern techniques based on 
immunophenotypic and molecular tests, BM biopsy remains 
an integral part of diagnostics and often determines the 
diagnosis of MM. The main advantage of histological bone 
marrow assessment is the unique ability to determine 
parameters such as cellularity, bone marrow architecture, 
grade of fibrosis or angiogenesis. Moreover, it influences 
the possibility of numerous specific immunohistochemical 
staining and stability of the bone biopsies.

The disadvantages of histological evaluation include 
a certain subjective evaluation, depending on the experi-
ence of the pathologist and the amount of material avail-
able for analysis. The assessment of the percentage of 
bone marrow infiltration (>10%) according to the IMWG 
criteria [2] is crucial for the diagnosis of MM, and the fact 
of underestimation in the BM smear or cytometry has been 
confirmed [21]. Pathological plasmocytes are disproportion-
ately hemodiluted compared to other bone marrow cells, 
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Table IV. Comparison of frequency of assessed histological parameters and immunohistochemical markers

Histological parameter
NDMM (n =56) RRMM (n =34) p

n [%] n [%]

Cellularity of bone marrow

Hypercellular 48 85.7 21 61.8

0.04Mediumcellular 6 10.7 11 32.1

Hypocellular 2 3.6 2 5.9

Fibrosis

MF0 33 58.9 21 61.8

0.547
MF1 18 32.1 8 23.5

MF2 5 8.9 5 14.7

MF3 0 0.0 0 0.0

Distribution pattern

Diffuse 17 30.4 7 20.6

0.281Clusters of plasmocytes 26 46.4 14 41.9

Interstitial 13 23.2 13 38.2

Histological type of infiltration

Immature, plasmablastic 4 7.1 3 8.8 1

Degree of infiltration

<20% 6 10.7 9 26.5

0.09420–50% 18 32.1 12 35.3

>50% 32 57.1 13 38.2

Expression of IHC markers (% cut off for positive result)

CD56+ (≥40%) 16 28.6 10 29.4 0.932

CD56+ (≥50%) 14 25.0 9 26.5 0.877

CD20+ (≥10%) 15 26.8 7 20.6 0.507

CD20+ (≥20%) 9 16.1 4 11.8 0.573

p53+ (>0) 5 8.9 4 11.8 0.725

p53+ (≥10%) 2 3.6 2 5.9 0.631

CD117+ (≥5%) 16 28.6 8 23.5 0.6

CD117+ (≥10%) 12 21.4 7 20.6 0.925

Cyclin D1 (≥10%) 37 66.1 24 70.6 0.657

Cyclin D1 (≥30%) 26 46.4 15 44.1 0.831

Kappa positive 32 57.1 24 70.6 0.202

Lambda positive 24 42.9 10 29.4 0.202
NDMM — newly diagnosed multiple myeloma; RRMM — refractory/relapsed multiple myeloma

and have other physical and biological properties that in-
fluence cytometric results. In addition, the myeloma infil-
tration may appear as clusters, as in other lymphoprolifer-
ations. A biopsy with CD138 assessment may be decisive 
in those cases, as confirmed by Al-Quaran et al. [8] and Lee 
et al. [22]. The percentage of BM infiltration by clonal PC 
is not only a diagnostic, but also a poor prognostic, factor 
influencing OS and PFS [23].

The negative importance of the plasmablastic type of in-
filtration is known to be an independent prognostic factor for 
survival at the time of diagnosis and additionally affects OS 
and PFS in primary refractory patients and those relapsed 
after autotransplant [24]. Patients with plasmablastic hy-
perplasia significantly more often have clonal cytogenetic 
abnormalities (73% vs. 31%). Our study confirmed a more 
frequent occurrence of clonal, poor cytogenetic aberrations 
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Table V. Correlation between clonal light chain expression on plasma cells and clinical parameters in group of patients with newly diagno-
sed myeloma

Light chain expression and selec-
ted parameters

Kappa Lambda p

n [%] n [%]

Beta2-macroglobulin

>3.0 mg/L

<3.0 mg/L

11 34.4 16 66.7 0.017

21 65.6 8 33.3

Response to first-line treatment

Yes

No

27 84.4 12 52.2 0.009

5 15.6 11 47.8

Relapse after first-line treatment

Yes

No

9 28.1 14 66.7 0.006

23 71.9 7 33.3

International Staging System

ISS 1

ISS 2

ISS 3

17 53.1 6 25 0.04

8 25 13 54.2

7 21.9 5 20.8

20

p =0.047 p =0.0002
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Figure 1. Kaplan-Meier analysis of overall survival (OS) (A) and progression-free survival (PFS) (B) in relation to immunoglobulin light chain 
expression on plasma cells

Figure 2. Kaplan-Meier analysis of progression-free survival (PFS) in relation to plasma cells phenotype: CD56-lambda+ (p =0.0006) (A) 
and CD117-lambda+ (p =0.002) (B)
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(del17p) and t(4;14) in the group with plasmablastic infil-
tration, as well as shorter OS in contrast to other morpho-
logical types (5 vs. 18 months). However, due to the small 
size of the group, statistical significance was not achieved.

Histology of bone marrow is the only technique to eval-
uate fibrosis. This parameter is widely discussed in the 
literature in the context of many hematological diseases, 
although most of the published data concerns myeloprolif-
erative neoplasms. Bone marrow fibrosis is also important 
in relation to patients with MM. Our data corresponds to 
that of the available studies, where fibrosis was found in 
20–38% of MM cases. It has been described that myeloma 
with advanced bone marrow fibrosis and only immunoglob-
ulin light chains has a more aggressive course. Additionally, 
the appearance of excess fibrosis correlates with a higher 
degree and more diffuse type of infiltration by plasmocytes. 
Hallgrimsdottir et al. proved in nearly 600 cases that pa-
tients with fibrosis had a significantly worse OS compared 
to a group without fibrosis (OS 4.4 vs. 5 years, respectively) 
[6, 25, 26]. Survival analysis in relation to fibrosis in our 
study did not show statistically significant differences in the 
group with NDMM. However, the median OS of 59.4 months 
was achieved only among patients with severe fibrosis 
(MF2) and PFS was significantly shorter (8.9 months) com-
pared to patients without (MF0, 19.1 months) or with mild 
(MF1) fibrosis (18 months).

To date, many studies have been carried out on IHC 
markers on myeloma cells, but only a few published stud-
ies present such a broad panel of antigens in the BM bi-
opsies in MM patients as in our study.

The significance of CD56 is unclear. Patients with a lack 
of CD56 expression in FC more often had extramedullary 
localization, elevated Bence-Jones protein, renal failure, 
a more aggressive course, and worse OS, compared to 
the CD56 positive group [27], in contrast to similar anal-
ysis performed with immunohistochemical methods [28]. 
Pan et al. reported that a simultaneous lack of CD56 and 
CD117 expression was associated with a shorter OS [29]. 
We did not confirm that observation, but high CD56 ex-
pression was correlated with more frequent presence of 
an unfavorable aberration (4;14) and the presence of plas-
mocytes with the CD56-kappa+ phenotype positively influ-
enced OS and PFS.

The presence of the c-KIT antigen (CD117) has been 
described in 20–35% of MM cases and increased expres-
sion is related to a better prognosis [30]. Bataille et al. [31] 
described the expression of CD117 in MGUS (monoclonal 
gammopathy of undetermined significance) patients to 
be significantly higher compared to MM ones and found 
that the loss of CD117 on cells was associated with dis-
ease progression. It has been suggested that expression 
of CD117 on monoclonal plasmocytes alters their target 
site in the BM and may direct them to neutrophil precur-
sor niches where CD117 acts as an anchor molecule. Such 

redistribution of monoclonal plasma cells in the bone mar-
row may contribute to a greater maintenance of the ho-
meostatic role of residual normal plasmocytes and their 
more limited spread in CD117+ monoclonal gammopathies 
[32]. Other analyzes of NDMM patients showed a statis-
tically worse prognosis, easier expansion of plasma cells, 
and a shorter OS in the group without expression of both 
CD56 and CD117 [29, 33].

The importance of CD20 in patients with myeloma is 
not fully understood, and the literature data shows that 
this group is heterogeneous. Robillard et al. described that 
expression of CD20 in MM patients was associated with 
t(11;14), the morphology of small, mature plasmocytes and 
a more favorable prognosis [34]. In contrast, Quinn et al. 
[35] distinguished a population with concomitant expres-
sion of CD20 and cyclin D2 which was characterized by 
a more aggressive course. The CD20+ myeloma cells were 
the most common in the form of diffuse infiltration [35]. 
This last observation was also confirmed in our study. In-
creased presence of CD20 without CD56 expression has 
also been observed in plasma cell leukemia, with a partic-
ularly unfavorable prognosis [36].

Monoclonal light chains (LC) immunoglobulin, detected 
by immunohistochemical staining, allow the differentiation 
of diseases from the other plasma cell dyscrasias, and are 
present in the cytoplasm of myeloma cells in approximately 
85% of cases. The immunoglobulin light chain determined 
by IHC correlated with the serum LC, clinical diagnosis and 
was confirmed as an independent negative prognostic fac-
tor for the progression of smoldering MM, as well as for 
NDMM [37, 38]. Patients with light chain lambda show a sig-
nificantly shorter survival (median OS 10 vs. 30 months for 
lambda and kappa respectively) as described by Shustik 
et al. [39]. Expression of the lambda chain was associat-
ed with a predisposition to extramedullary localization and 
rapidly progressive renal failure [40, 41].

Our study confirms a correlation of lambda infiltration 
with increased β2M concentration, higher ISS, and poor 
response to first line treatment in NDMM. The analysis 
showed that the clonal lambda cells negatively affected OS 
and PFS. In addition, the presence of plasma cells with phe-
notype CD117-lambda+ and CD56-lambda+ was specified 
as a new, poor, prognostic factor affecting PFS. The type of 
clonal PC infiltration also determines the response to treat-
ment. The introduction of IMiDs into MM therapy improved 
OS, and kappa infiltration was one of the factors positively 
influencing the ORR [42, 43]. The use of IMiDs, however, 
does not overcome the negative impact of the unfavorable 
cytogenetic or clonal lambda hyperplasia. On the contrary, 
the use of a proteasome inhibitor, bortezomib, improved 
the response to treatment in the group of patients with 
t(4;14) or del17p [44, 45]. The use of bortezomib in triplets 
[VTD (bortezomib, thalidomide, dexamethasone)] showed 
superiority in a group of patients with myeloma ≤65 years 
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eligible for autotransplantation, but also in a group of el-
derly people who were not eligible for transplant [46, 47]. 
This regimen statistically more often induced a complete 
response and was also active at relapse [48].

In our study, no differences were found in the response 
rate to bortezomib treatment depending on the unfavorable 
cytogenetic profile and the type of light chain. Therefore 
the use of bortezomib seems to be especially indicated in 
high-risk patients.

Conclusions

Based on the performed analyzes, the diagnostic and 
prognostic usefulness of histological assessment with im-
munohistochemistry in patients with MM was confirmed. At 
the diagnostic biopsy, the prognostic factors related to the 
course of the disease can be specified. The most important 
histological parameter adversely affecting overall survival 
and progression-free survival is the presence of lambda 
positive plasmocytes infiltration. Moreover, bortezomib 
has been shown to be particularly useful in the first line 
treatment in patients with lambda clonal plasma cells.
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