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Introduction

Multiple myeloma (MM) is a malignancy of terminally differ-

entiated B cells. The diagnosis requires the presence of ≥ 10 %

clonal plasma cells (PC) in the bone marrow or an extrame-

dullary plasmacytoma associated with at least one secondary

organic lesion such as renal failure, anemia, bone lesions,

and hypercalcemia or the presence of biomarkers such as

≥60 % bone marrow plasma cells (BMPC), involved to unin-

volved free light chain (FLC) ratio ≥100, or the presence of ≥2

marrow lesions on MRI.1

The term extramedullary multiple myeloma (EMM) is char-

acterized by myeloma cells that have gained independence

from the bone marrow microenvironment that can occur from

the migration of the clone cells outside of the bone marrow but

still connected to the bone or by hematogenous spread.2 It is a

rare event with an overall incidence of EMM is 13 %: 7 % at

diagnosis and 6−20 % at relapse.3 The most common site of

involvement is skin when the EMM is present at diagnosis and

other tissues such as the liver, pleura, and central nervous sys-

tem (SNC) at relapse.2,3 The involvement of testicle in the con-

text of multiple myeloma is rare, corresponding to 0.6 % to

2.7 % of extramedullary manifestations.4 Even more rare is

bilateral and synchronous testicular plasmacytoma, with only

six cases reported in the literature.5−10

Despite novel and effective agents for treating myeloma,

patients with the extramedullary disease often exhibit poor

response to therapy, suggesting that there may be biological

distinctions between intramedullary and extramedullary

forms of the disease.11

In this manuscript, we report a case of EMM disease with

synchronous bilateral testicle involvement and the cyto-

genetic abnormalities of the bone marrow and testes samples

at relapse.
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Case report

A 56-year-old male patient was diagnosed with Multiple Mye-

loma lambda light chain, DS II/ISS II, in June 2018. He had ane-

mia, bone marrow showing 99 % of abnormal plasma cells,

normal karyotype, and fluorescence in situ hybridization

(FISH) with gain 1q (CKS1B), deletion of part of the long arm of

chromosome 13 (RB1) and IGH rearrangement (no FGFR3::IGH

and no MAF::IGH fusion). There were no other organ dysfunc-

tions and no lytic bone lesions. He was initially treated with

four cycles of VCD (bortezomib, cyclophosphamide, and dexa-

methasone), followed by autologous bone marrow transplan-

tation (BMT) in 2018 and maintenance with bortezomib.

Eleven months after autologous BMT, he relapsed and was

treated with DRd (Daratumumab, lenalidomide, and

dexamethasone). The second relapse happened two years

after the onset of DRd, and the chosen protocol was KCd (car-

filzomib, cyclophosphamide, and dexamethasone). He

received 12 cycles of KCd and then began biweekly mainte-

nance with carfilzomib and dexamethasone. During the

maintenance phase, he presented with a progressive increase

in the lambda light chain. About three months after the start

of maintenance, he had pain, bilateral testicular edema, and

the appearance of a lesion in the left leg. Whole-body PET-CT

revealed abnormal uptake in the bilateral testicular region

(Figure 1A). Testicular biopsy confirmed testicular plasmacy-

toma and infiltration by myeloma in a subcutaneous lesion

on the left leg. The patient underwent a bilateral orchiectomy

(Figure 1B), bone marrow aspirate, and biopsy.

Testicular imprint showed a high concentration of abnor-

mal plasma cells (Figure 1C), karyotype showed a complex

Figure 1 – (A) PET-CT shows abnormal testicular uptake (maxim SUV: 10), (B): Significant enlargement of the right testicle (after

orchiectomy), (C) Testicle imprint demonstrating high concentration of abnormal plasma cells (Leishman, x 1000), (D) Karyotype

of testicular plasma cells showing complex clone: 47,XY,+der(1;6)(q10;p10),del(2)(p13p11.2),der(6)t(6;8)(q21;q22),�8,t(11;14)(q13;

q32),del(12)(p13p11.2),del(13)(q12q34),+15,add(22)(p11.2)[20] (GTW banding), (E) Interphase fluorescence in situ hybridization

(iFISH) study in testicular plasma cells with IGH::CCND1 dual color, dual fusion translocation probe (Metasystems, Germany)

showing two yellow, one green and one red signals suggestive of IGH::CCND1 fusion, (F) Karyotype of bonemarrow cells show-

ing complex clone with deletion 17p: 47,XY,+der(1;6)(q10;p10),del(2)(p13p11.2),der(6)t(6;8)(q21;q22),�8,t(11;14)(q13;q32),del(12)

(p13p11.2),del(13)(q12q34),+15,del(17)(p11.2),add(22)(p11.2)[7]/46,XY[13], (G) iFISH in CD138 positive cells study with TP53/17cen

dual color, deletion probe (Metasystems, Germany) showing two green and one red signals suggestive of deletion TP53.
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karyotype with t(11;14) (Figure 1D), and FISH studies showed

rearrangement CCND1::IGH t(11;14) (Figure 1E), deletion of the

RB1 and DLEU1 gene (chromosome 13q), three copies of the

CKS1B gene (chromosome 1q) in approximately 94 % of the

analyzed nuclei. Bone marrow biopsy identified 5 % of abnor-

mal plasma cells. Cytogenetic analysis of BM revealed the

same abnormalities in testicular cells added with deletion

17p in 7 of 20 metaphases analyzed (Figure 1F). Interphasic

FISH in CD138 positive cells12 showed the same findings

detected in testicular studies in 80 % of nuclei associated with

TP53 gene deletion (chromosome 17p) in 42 % of the analyzed

nuclei (Figure 1G).

There was no central nervous system infiltration. The

patient started with prophylactic intrathecal chemotherapy

and was treated with bortezomib, dexamethasone, and vene-

toclax (dose escalation up to 800mg /day) for four cycles. After

finishing this protocol, we intend to proceed with haploident-

ical stem cell transplantation.

Discussion

EEM is not a usual primary manifestation, instead, it seems to

develop gradually over time with relapses. The occurrence of

plasmacytoma involving both testes is rare, and most cases

occur asynchronously during relapse. The are only six reports

of bilateral and synchronous testicular plasmacytoma: two

cases at diagnosis5,10 and four during the relapse.6−9 Our

patient also presented the bilateral manifestation during the

third relapse.

The risk factors for EMM are not fully elucidated, though,

significantly elevated levels of lactate dehydrogenase (LDH),

lower hemoglobin and platelet levels, light chain/non-secre-

tory subtypes, more than two lines of treatment and undergo-

ing allogenic steam cell transplantation were reported to be

associated with risk for EMM on relapse.3,13,14 The reasons for

the discrepancy between autologous and allogenic transplan-

tation are unclear. They may be related to factors such as the

selection of more severe patients for allogenic transplanta-

tion and the effectiveness of the graft-versus-myeloma effect

in the bone marrow.13 The exact reason for the apparent rise

in EMM in patients receiving novel agents is not well under-

stood. Currently, there is no evidence that the use of protea-

some inhibitors (PIs) and immunomodulatory drugs (IMiDs)

in combination leads to quicker onset of EMM.15 On the other

hand, studies suggest that the new agents can disturb the

bone marrow microenvironment, which could provide an

opportunity for a plasma cell clone to escape the bone mar-

row (BM), which is consistent with the general theory of a

clone select in extramedullary myeloma relapse.16 Our

patient had some risk factors since the diagnosis such as:

anemia, light chain subtype and more than two lines of treat-

ment, including PIs and IMiDs.

Plasma cells originating from extramedullary plasmacyto-

mas (EMPs) typically exhibit an immature or plasmablastic

morphology. There have been reports of a transition in secre-

tion pattern from intact immunoglobulin to only free light

chains.17 Furthermore, studies have shown that EMM has a

higher proliferative index, CD56 is downregulated, and CD44

is upregulated.18 An et al. showed that downregulation of

CD56 in MM was significantly correlated with the presence of

t(11;14), which appears to aid in the extravasation of plasma

cells.19 The bone marrow sample immunophenotyping of our

patient showed negativity for CD56 since the diagnosis. CD44

was not evaluated.

Genetic abnormalities associated with MM progress has

been described and can be categorized as primary and sec-

ondary events. The primary events include translocations

involving the immunoglobulin heavy chain (IgH) locus at

14q32, being the t(11;14)(q13q32) the most common, and chro-

mosomal hyperdiploid, which contribute to the immortality

of plasma cells. On the other hand, secondary events, which

contribute to disease progression, include del(17)(p13), del(13)

(q14), MYC overexpression and RAS point mutations.20

Biological and cytogenetic characteristics linked to the

extramedullary spread of tumor cells are not well elucidated.1

Since EMM is characterized by the ability of stroma-indepen-

dent growth and is considered an advanced form of MM, it is

presumable that genomic changes will be more common.

Indeed, the cytogenetic findings in this case corroborate the

idea evidenced by the addition of cytogenetic abnormalities

during clinical follow-up and progression of disease.

An interesting aspect about the case was the loss of 17p in

the BM sample, while such abnormality was not found in the

testes sample, both collected during the relapse. Billecke et al.

showed that del(17p13) occurred twice more frequently in the

extramedullary manifestation of EMM patients than in the

bone marrow (32% vs. 16 %).21 In contrast, Besse et al. did not

find any difference in del(17)(p13) incidence between inde-

pendent BM and extramedullary site samples of EM patients

(16% vs. 11 %), and, in paired samples, they observed

decreased incidence of del(17)(p13) in extramedullary site

samples than in corresponding BM (8% vs. 23 %).22

Another significant aberration found in MM and likewise

in EMM is del(13)(q14), and it is often observed in t(11;14) posi-

tive MM, which results in haploinsufficiency of the RB tumor

suppression gene at 13q14 and consequent disease

progression.15,23,24 Recent data show a higher incidence of del

(13)(q14) in extramedullary mass compared to BM25 although

others are revealing no difference26 or its lower frequency in

extramedullary mass.21 Others critical structural abnormali-

ties of chromosomes that appear to be involved in terminal-

stage myeloma is 1q gain and deletions of 1p32.27,28 Our

patient presented the loss of 13q and 1q gain since the diag-

nosis as evidenced by FISH and both abnormalities were pres-

ent in testes samples at relapse.

Other cytogenetic abnormalities not evidenced in our

reported case are described. Glitza et al. demonstrated that

8q24.1/c-MYC rearrangement is diverse and can occur as a

partial deletion and a typical rearrangement involving differ-

ent chromosomes partners, all of them setting a high-risk

marker, characterized by an increased incidence of plasma-

blastic morphology and increased incidence of plasma cell

leukemia and extramedullary disease.29 Further than MYC,

the activation of RAS oncogene seems to mediate the acquisi-

tion of an additional growth advantage to the abnormal cell.

Rasmussen et al. showed that among six patients who had

both intramedullary and extramedullary plasma cells with

identical IgH gene sequences, RAS mutations were present

only in the plasma cells from tumors in three patients, what
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suggest that these mutations may play a role in the progres-

sion from intramedullary to extramedullary tumors.30 More-

over, the constitutive activation of NF-kb and homozygous

deletions of genes encoding inhibitors of the NF-kb pathways

such as BIRC2/3 on chromosome 11, TRAF3 on chromosome

14 and CYLD on chromosome 16 seems to be related to

stroma independent growth and is often detected at final

stage of MM disease.31

Authors’ contributions

Conceptualization: MBC and EDRPB. Data curation: MBC, TSD,

ACLN, NH. Formal analysis: RMSOS, RKK, DB, MGC and

EDRPV. Funding acquisition: RMSOS, RKK, DB, MGC and

EDRPV. Project administration: EDRPV. Supervision: EDRPV.

Writing: MBC and EDRPV. Investigation: MBC and EDRPV. All

authors revised the paper, read and approved the final manu-

script.

Data availability

Data sharing does not apply to this article as no datasets were

generated or analyzed during the current study.

Ethics statement

The study was approved by the Ethics Committee of Hospital

Israelita Albert Einstein (CAAE: 57507322.6.0000.0071).

Informed consent was obtained under the Declaration of Hel-

sinki.

Conflicts of interest

The authors declare no competing financial interests.

Acknowledgment

We thank our patient for participating in this study. There

was no funding specifically for the current work.

r e f e r enc e s

1. Bansal R, Rakshit S, Kumar S. Extramedullary disease in multi-
ple myeloma. Blood Cancer J. 2021;11.

2. Blad�e J, Fern�andez De Larrea C, Rosi~nol L, Cibeira MT, Jim�enez
R, Powles R. Soft-tissue plasmacytomas in multiple myeloma:
incidence, mechanisms of extramedullary spread, and treat-
ment approach. J Clin Oncol. 2011;29:3805–12.

3. Varettoni M, Corso A, Pica G, Mangiacavalli S, Pascutto C, Laz-
zarino M. Incidence, presenting features and outcome of extra-
medullary disease in multiple myeloma: a longitudinal study
on 1003 consecutive patients. Ann Oncol. 2010;21(2):325–30.

4. Anghel G, Petti N, Remotti D, Ruscio C, Blandino F, Majolino I.
Testicular plasmacytoma: report of a case and review of the
literature. Am J Hematol. 2002;71(2):98–104.

5. LinN,WuY, LiangY,MoW, Li Y, Zhang R. Clonal evolution of one
rare case of multiple myeloma with bilateral testicular mass as
initial presentation. AnnHematol. 2020;99(2):377–8.

6. Huang HF, Xu J, Xu AS, Wan XY, Chen L, Fan FJ, et al. Disturbed
MAPK pathway in early bilateral testicular extramedullary
relapse of multiple myeloma. Leuk Res. 2020;95:106403.

7. Strauss D, Sachpekidis C, Dapunt U, Goldschmidt H, Dimitra-
kopoulou-Strauss A. Unusual extramedullary manifestation
in multiple myeloma. Clin Nucl Med. 2023;48(2):e76–7.

8. Castagna1 M, Gaeta1 P, Cecchi M, Luca Pagni G, Pingitore R.
Bilateral synchronous testicular involvement in multiple
myeloma. Case Report Rev Literature. 1997;83.

9. Garrido Abad P, Coloma Del Peso A, Bocardo Fajardo G,
Jim�enez G�alvez M, Herranz Fern�andez LM, Arellano Ga~nân R,
et al. Plasmocitoma testicular bilateral secundario. Aportaci�on
de un caso y revisi�on de la literatura. Actas Urol Esp. 2008;32
(10):1039–42.

10. Pham TH, Shetty SD, Stone CH, Peralta-Venturina M DE,
Menon M. Bilateral synchronous testicular plasmacytoma. J
Urol. 2000;164(3 Part 1). 781−781.

11. Rosi~nol L, Beksac M, Zamagni E, Van de Donk NWCJ, Anderson
KC, Badros A, et al. Expert review on soft-tissue plasmacyto-
mas in multiple myeloma: definition, disease assessment and
treatment considerations. Br. J. Haematol. 2021;194:496–507.

12. Kishimoto RK, de Freitas SLVV, Ratis CA, Borri D, Sitnik R, Vel-
loso EDRP. Validation of interphase fluorescence in situ
hybridization (iFISH) for multiple myeloma using CD138 posi-
tive cells. Rev Bras Hematol Hemoter. 2016;38(2):113–20.

13. Mangiacavalli S, Pompa A, Ferretti V, Klersy C, Cocito F, Varet-
toni M, et al. The possible role of burden of therapy on the risk
of myeloma extramedullary spread. Ann Hematol. 2017;96
(1):73–80.

14. Usmani SZ, Heuck C, Mitchell A, Szymonifka J, Nair B, Hoering
A, et al. Extramedullary disease portends poor prognosis in
multiple myeloma and is over-represented in high-risk dis-
ease even in the era of novel agents. Haematologica. 2012;97
(11):1761–7.

15. Varga C, Xie W, Laubach J, Ghobrial IM, O’Donnell EK, Wein-
stock M, et al. Development of extramedullary myeloma in
the era of novel agents: no evidence of increased risk with
lenalidomide-bortezomib combinations. Br J Haematol.
2015;169(6):843–50.

16. Anderson KC. Targeted therapy for multiple myeloma. Semin
Hematol. 2001;38(3):286–94.

17. Extramedullary relapse of multiple myeloma associated with a
shift in secretion from intact immunoglobulin to light chains.

18. Dahl IMS, Rasmussen T, Husebekk A, Kauric G. Differential
expression of CD56 and CD44 in the evolution of extramedul-
lary myeloma. Br J Haematol. 2002;116(2):273–7.

19. An G, Xu Y, Shi L, Zou D, Deng S, Sui W, et al. T(11;14) multiple
myeloma: a subtype associated with distinct immunological
features, immunophenotypic characteristics but divergent
outcome. Leuk Res. 2013;37(10):1251–7.

20. Kuehl WM, Bergsagel PL. Multiple myeloma: evolving genetic
events and host interactions. Nature Reviews Cancer, 2. Euro-
pean Association for Cardio-Thoracic Surgery; 2002. p. 175–87.

21. Billecke L, Murga Penas EM, May AM, Engelhardt M, Nagler A,
Leiba M, et al. Cytogenetics of extramedullary manifestations
in multiple myeloma. Br J Haematol. 2013;161(1):87–94.

22. Besse L, Sedlarikova L, Greslikova H, Kupska R, Almasi M,
Penka M, et al. Cytogenetics in multiple myeloma patients
progressing into extramedullary disease. Eur J Haematol. 2016
Jul 1;97(1):93–100.

ARTICLE IN PRESS

Please cite this article as: M.B. Catto et al., Cytogenetic findings in testicular relapse of multiple myeloma: case report and literature review,
Hematology, Transfusion and Cell Therapy (2024), https://doi.org/10.1016/j.htct.2023.12.002

4 hematol transfus cell ther. 2024;xxx(xx):1−5

http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0001
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0001
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0002
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0002
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0002
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0002
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0002
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0002
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0002
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0002
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0003
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0003
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0003
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0003
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0004
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0004
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0004
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0005
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0005
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0005
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0006
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0006
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0006
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0007
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0007
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0007
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0008
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0008
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0008
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0009
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0009
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0009
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0009
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0009
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0009
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0009
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0009
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0009
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0009
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0009
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0010
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0010
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0010
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0011
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0011
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0011
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0011
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0011
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0012
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0012
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0012
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0012
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0013
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0013
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0013
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0013
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0014
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0014
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0014
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0014
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0014
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0015
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0015
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0015
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0015
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0015
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0016
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0016
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0018
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0018
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0018
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0019
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0019
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0019
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0019
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0020
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0020
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0020
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0021
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0021
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0021
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0022
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0022
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0022
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0022
https://doi.org/10.1016/j.htct.2023.12.002


23. Qu X, Chen L, Qiu H, Lu H, Wu H, Qiu H, et al. Extramedullary
manifestation in multiple myeloma bears high incidence of
poor cytogenetic aberration and novel agents resistance.
Biomed Res Int. 2015;. 2015.

24. Rasche L, Bernard C, Topp MS, Kapp M, Duell J, Wesemeier C,
et al. Features of extramedullary myeloma relapse: high pro-
liferation, minimal marrow involvement, adverse cytogenet-
ics: a retrospective single-center study of 24 cases. Ann
Hematol. 2012;91(7):1031–7.

25. Deng S, Xu Y, An G, SuiW, ZouD, Zhao Y, et al. Features of extra-
medullary disease of multiple myeloma: high frequency of P53
deletion and poor survival: a retrospective single-center study of
834 cases. Clin LymphomaMyeloma Leuk. 2015;15(5):286–91.

26. Bink K, Haralambieva E, Kremer M, Ott G, Beham-Schmid C,
De Leval L, et al. Primary extramedullary plasmacytoma: simi-
larities with and differences from multiple myeloma revealed
by interphase cytogenetics. Haematologica. 2008;93(4):623–6.

27. Shin HJ, Kim K, Lee JJ, Song MK, Lee EY, Park SH, et al. The t
(11;14)(q13;q32) translocation as a poor prognostic parameter

for autologous stem cell transplantation in myeloma patients
with extramedullary plasmacytoma. Clin Lymphoma Mye-
loma Leuk. 2015;15(4):227–35.

28. Nemec P, Zemanova Z, Greslikova H, Michalova K, Filkova H,
Tajtlova J, et al. Gain of 1q21 is an unfavorable genetic prog-
nostic factor for multiple myeloma patients treated with
high-dose chemotherapy. Biol Blood Marrow Transplant.
2010;16(4):548–54.

29. Glitza IC, Lu G, Shah R, Bashir Q, Shah N, Champlin RE, et al.
Chromosome 8q24.1/c-MYC abnormality: a marker for high-
risk myeloma. Leuk Lymphoma. 2015;56(3):602–7.

30. Rasmussen T, Kuehl M, Lodahl M, Johnsen HE, Dahl IMS. Pos-
sible roles for activating RAS mutations in the MGUS to MM
transition and in the intramedullary to extramedullary transi-
tion in some plasma cell tumors. Blood. 2005;105(1):317–23.

31. Vr�abel D, Pour L, �Sev�cíkov�a S. The impact of NF-kB signaling
on pathogenesis and current treatment strategies in multiple
myeloma. Vol. 34. Blood Reviews. Churchill Livingstone; 2019.
p. 56–66.

ARTICLE IN PRESS

Please cite this article as: M.B. Catto et al., Cytogenetic findings in testicular relapse of multiple myeloma: case report and literature review,
Hematology, Transfusion and Cell Therapy (2024), https://doi.org/10.1016/j.htct.2023.12.002

hematol transfus cell ther. 2024;xxx(xx):1−5 5

http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0023
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0023
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0023
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0023
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0023
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0024
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0024
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0024
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0024
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0024
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0025
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0025
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0025
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0025
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0026
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0026
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0026
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0026
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0027
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0027
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0027
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0027
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0027
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0028
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0028
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0028
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0028
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0028
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0029
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0029
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0029
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0030
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0030
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0030
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0030
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0031
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0031
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0031
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0031
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0031
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0031
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0031
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0031
http://refhub.elsevier.com/S2531-1379(24)00006-3/sbref0031
https://doi.org/10.1016/j.htct.2023.12.002

	Cytogenetic findings in testicular relapse of multiple myeloma: case report and literature review
	Introduction
	Case report
	Discussion
	Authors´ contributions
	Data availability
	Ethics statement
	Conflicts of interest
	Acknowledgment
	References


