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Extramedullary Multiple Myeloma: A Patient-Focused 
Review of the Pathogenesis of Bone Marrow Escape
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Abstract

Multiple myeloma (MM) is a neoplastic clonal proliferation of 
plasma cells, predominantly in the bone marrow. The presentation 
of MM in extramedullary tissue, particularly the liver, is uncommon 
with only a few reported cases in literature. We report a rare and unu-
sual presentation of kappa light chain restricted MM with progres-
sion of disease to involve the liver. MM was initially diagnosed on 
bone marrow biopsy, initially treated with carfilzomib, lenalidomide 
and dexamethasone, later changed to bortezomib, daratumumab and 
dexamethasone. There was subsequent progression with a new biop-
sy-proven myelomatous liver lesion. The patient could not receive 
high-dose chemotherapy due to multiple co-morbidities and extent 
of disease and eventually succumbed to her disease rapidly. This arti-
cle emphasizes the poor prognosis of extramedullary involvement in 
MM and the pathogenic mechanisms by which it develops. Based on 
a review of the literature of other cases and case series of solitary or 
diffuse myeloma involvement in the liver, high-dose chemotherapy 
in combination with proteasome inhibitors and immunomodulators 
has the best success rate with less relapse and progressive disease 
in extramedullary myeloma. Our analysis concluded that the gain 
of CD44, loss of CD56, loss of very late antigen-4 (VLA-4), im-
balance of the chemokine receptor-4-chemokine ligand-12 (CX-
CR4-CXCL12) axis, metastasis-associated lung adenocarcinoma 1 
(MALAT1) upregulation, RAS pathway activation as well as 13q 
and 17p deletions show an increased propensity of malignant plasma 
cells to leave the bone marrow and hone in extramedullary sites giv-
ing rise to more aggressive extramedullary diseases. Targeted thera-
peutics such as CD44v-directed therapy and reactivation of p53 to 
wild-type conformation could potentially be evaluated as treatment 
options in the future to improve outcomes in this aggressive form of 
MM, especially in patients with advanced disease and limited treat-
ment options.
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Introduction

Multiple myeloma (MM) is a malignant clonal proliferation of 
plasma cells producing a monoclonal protein predominantly 
in the bone marrow. This proliferation affects the hematopoie-
sis in bone marrow, activates osteoclastic bone resorption and 
produces excessive monoclonal immunoglobulins. In this con-
dition, plasma cells proliferate in the bone marrow and cause 
extensive bony destruction by osteoclast activation, presenting 
as pathological fractures as a result of osteopenia and osteo-
lytic bone lesions. The common clinical presentations of MM 
include anemia (73% of patients), bone pain (58% of patients), 
elevated serum creatinine (48% of patients), hypercalcemia 
which may or may not be symptomatic (28% of patients), fa-
tigue and generalized weakness (32% of patients), and weight 
loss (24% of patients) [1].

The diagnosis of MM is made by observing clonal bone 
marrow plasma cells ≥ 10% or biopsy-proven bony or soft 
tissue plasmacytoma plus one of the following: presence of 
related organ or tissue impairment (CRAB criteria: hypercal-
cemia - serum calcium > 11 mg/dL, renal failure - creatinine 
clearance < 40 mL/min or serum creatinine > 2 mg/dL, ane-
mia - hemoglobin < 10 g/dL or > 2 g/dL below normal, and 
bone lesions - one or more osteolytic lesions ≥ 5 mm in size 
on skeletal radiography, magnetic resonance imaging (MRI), 
computed tomography (CT), or positron emission tomography 
(PET)); presence of a biomarker associated with near inevi-
table progression to end-organ damage ≥ 60% clonal plasma 
cells in the bone marrow; involved/uninvolved free light chain 
(FLC) ratio of 100 or more (provided involved FLC level is 
at least 100 mg/L); or MRI with more than one focal lesion 
(involving bone or bone marrow) [2].

Extramedullary myeloma (EMM) is defined as the pres-
ence of malignant plasma cell tumors outside the bone mar-
row which may be from direct spread to the surrounding soft 
tissue from the bone or arising in extraosseous locations. The 
initial presentation of extramedullary disease is found typi-
cally on advanced imaging techniques: such as CT, MRI, or 
PET as is the case of our patient. MM with extramedullary, 
non-osseous disease typically has an incidence of 1-4% in all 
new presentations and up to 10% on relapse. The incidence of 
EMM of the bone occurs more frequently at a rate of 7-34%. 
Myelomatous infiltration of extraosseous tissues is more fre-
quently found in organs rich in reticuloendothelial tissues in-
cluding liver, spleen and lymph nodes [3]. The most common 
sites of reported extramedullary involvement of MM are soft 
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tissue surrounding the bone, lymph nodes, liver, spleen, kid-
neys, lungs, skin, central nervous system, testes, breasts and 
gastrointestinal tract [4].

This case report is on an elderly female with high-risk 
kappa light chain disease with relapse involving the liver. It 
emphasizes the rarity of liver involvement in patients with 
MM in a relapse setting and progression of disease despite the 
use of standard agents such as bortezomib, lenalidomide and 
daratumumab.

Case Report

The patient was a 61-year-old Caucasian female who ini-
tially presented with neck pain to her primary care physician 
in August 2017. Her other medical problems included heavy 
tobacco use (one pack per day for 44 years), type 2 diabetes 
mellitus, essential hypertension, hyperlipidemia, coronary ar-
tery disease (seven drug-eluting coronary stents placed in the 
past), gastroesophageal reflux disease, anxiety, depression, 
chronic bursitis of the left hip, and history of placenta previa. 
A CT scan of the spine showed an osteolytic destructive lesion 
in the C3 vertebral body which was confirmed on MRI of the 
spine. She underwent spine stabilization - C3 corpectomy for 
resection of mass with C2-4 anterior cage resection, fusion, 
plating in August 2017. The biopsy of the lesion subsequently 
showed plasmablasts indicating MM. Bone marrow biopsy in 
August 2017 showed monoclonal plasma cell infiltrate, with 
15-20% of marrow cells with kappa light chain restriction 
compatible with plasma cell neoplasm. She was found to have 
high-risk disease - 13q deletion, 1q amplification, 14q32/IgH 
abnormality, and TP53 deletion on fluorescence in situ hy-
bridization (FISH). A PET-CT was done in September 2017 
which showed several fludeoxyglucose (FDG) avid osseous 
lesions in the spine, ribs, bilateral femurs and humeri with-
out evidence of FDG avid extramedullary involvement. The 
patient was initially started on carfilzomib, lenalidomide and 
dexamethasone in September 2017 which was later changed 
after she developed acute kidney injury from the regimen and 
was switched to bortezomib, daratumumab and dexametha-
sone in October 2017. The patient was initially showing re-
sponse to treatment (Table 1). The treatment was completed 
in January 2018.

PET scan was repeated in January 2018 and showed inter-
val development of several new FDG avid osseous lesions in 
the axial and appendicular skeleton as well as an incidentally 
detected intense hypodense lesion inferiorly in the posterior 
aspect of the right hepatic lobe with another small, but FDG 
avid focus more superiorly and medially in the posterior aspect 
of the right hepatic lobe. She was subsequently referred to an 
academic hospital by her primary oncologist due to progres-
sion of disease on PET (Figs. 1-3). Percutaneous biopsy of this 
newly identified liver lesion was performed from hepatic seg-
ment 6 and the pathology showed numerous abnormal plasma-
cytoid cells consistent with MM (Figs. 4 and 5). Interestingly, 
the patient did not have any symptoms or evidence of hepa-
tomegaly on examination. Her liver function tests remained 
normal at the time of detection of the liver plasmacytoma and 
for the remainder of her disease course. Ta
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Due to diffuse aggressive disease and patient’s multiple 
co-morbidities, she was deemed not to be a candidate for high-
dose chemotherapy and bone marrow transplant. An outpatient 
palliative regimen of cyclophosphamide, pomalidomide and 
dexamethasone was started in February 2018, and daratumum-

ab was continued. Despite several cycles of treatment, the pa-
tient’s disease progressed with rising FLCs. In April 2018, she 
was started on elotuzumab and lenalidomide and continued on 
dexamethasone. Within 3 weeks of starting the new therapy, 
she succumbed to her disease in May 2018 before assessment 

Figure 1. Positron emission tomography scan showing progression of disease following initial chemotherapy.

Figure 2. Positron emission tomography scan at the time of relapse showing extraosseous and extramedullary involvement.

Figure 3. Positron emission tomography scan at the time of relapse showing liver involvement.
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of the response of the extramedullary disease and liver lesion 
could be performed.

Discussion

The incidence of extraosseous EMM has been shown in sever-
al studies. In a study by Varettoni et al involving 1,003 patients 
with myeloma, the incidence of EMM was 7% at the time of 
diagnosis and 6% during follow-up [4]. In another case series 
of 936 patients who were treated for MM, 66 patients present-
ed with extramedullary involvement at diagnosis and 35 pa-
tients at the time of disease progression or relapse. According 
to Usmani et al, liver involvement was seen in 21% of those 
with extramedullary disease at diagnosis and 34% of patients 
at the time of relapse or progression [5]. It was concluded that 
liver involvement was the striking feature in extramedullary 
disease at disease relapse or progression [4]. Another review of 
2,584 patients with MM showed that a mass lesion in the liver 
or a nodule was detected in only nine patients (0.3%) [6]. The 
involvement of liver is reported to be the most common site of 
EMM, comprising of 0.3-3% of all extramedullary diseases, 

including osseous diseases [5, 6]. Clinical signs of liver in-
volvement are usually hepatomegaly, elevated transaminases, 
jaundice, ascites and fulminant liver failure. Hepatomegaly is 
seen in 70% of patients and elevated transaminases in 50-70% 
[7]. There are two patterns, i.e., diffuse (sinusoidal) and nodu-
lar for infiltration that have been described [3]. The diffuse pat-
tern is more common than nodular. A study by Perez-Soler et 
al described 21 patients with MM where histology showed that 
diffuse plasma cell infiltration was seen in 10 patients and no 
cases of nodular infiltration was observed [8]. In another study 
on 52 autopsied cases of MM, liver involvement was noted in 
15 cases (28.8%) with circumscribed nodules in seven cases 
(13.4%) and diffuse involvement in eight cases (15.4%) [9]. In 
an analysis by Huang et al [10], four of the 14 cases had liver 
involvement diagnosed at relapse and 10 on initial diagnosis. 
Patient characteristics included a mean age of 65 years, pre-
senting with abdominal distension with pain, anorexia, nausea 
and vomiting. Hepatomegaly was the most common present-
ing sign, seen in five of 14 patients, followed by jaundice in 
three out of 14. Twelve patients presented with multiple liver 
nodules and two with solitary nodules. Most patients (nine out 
of 14) had kappa-restricted MM (IgG in four cases and IgA in 

Figure 5. Liver biopsy with kappa in-situ hybridization at × 20 (a) and lambda in-situ hybridization at × 40 (b). The plasmacytoid 
cells show a kappa restriction. This immuno-histopathological presentation is consistent with kappa-restricted multiple myeloma.

Figure 4. Liver biopsy with CD138 immunostaining showing plasmacytoid cells strongly immunopositive for CD138 at × 30 (a) 
and × 50 (b) power.
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two), while four of 14 had lambda-restricted disease. This was 
confirmed with histological diagnosis through liver biopsy in 
13 of 14 cases. Cytogenetics in one case showed transloca-
tion t(11;14). Out of the 14 cases that were evaluated, thera-
pies chosen focused on a melphalan/dexamethasone strategy. 
Four patients received melphalan and dexamethasone with 
two patients receiving radiation while the other two did not re-
ceive radiations. Three of the patients treated with this strategy 
initially responded but relapsed, while one patient had stable 
disease (SD) and one patient who had radiation therapy had 
improvement. Two patients received the standard VCD regi-
men (bortezomib, cyclophosphamide and dexamethasone). 
Both patients had progression and later died with one undergo-
ing trial with lenalidomide before death. One patient receiv-
ing bortezomib and dexamethasone and another patient with 
lenalidomide and dexamethasone had partial response (PR) 
and complete response (CR), respectively. However, two cases 
of disease response occurred in patients receiving intensive 
chemotherapy, one patient receiving vincristine, doxorubicin, 
dexamethasone and revlimid achieving CR, while the second 
case receiving carmustine, doxorubicin, melphalan and cyclo-
phosphamide achieving PR. Out of 14 cases, only two patients 
achieved CR, three had PR, one had SD, five with initial re-
sponse followed by progressive disease (PD) and three patients 
died prior to treatment, refused treatment or died or before re-
assessment of extramedullary disease response. Of note, out 
of the two patients who had CR, both patients presented with 
primary, non-relapsed EMM, whereas those with prior-treated 
MM with relapse with extramedullary disease, had worse out-
comes and did not achieve either CR or PR.

Mechanism of EMM

Because of its resistance to multi-regimen chemotherapy and 
poor prognosis, the exact mechanism of EMM appears to be 
multifactorial, both in the primary presentation and relapse 
settings. However, patients who had received treatment prior 
to extramedullary relapse were not at higher risk of relapse 
based on the initial agents used. According to Varettoni et al, 
previous exposure to bortezomib, thalidomide or lenalidomide 
was not associated with higher risk of extramedullary relapse. 
Patients who had received treatment prior to extramedullary 
relapse were not at higher risk of relapse based on the initial 
agents used [3]. In a retrospective study of 117 MM patients 
treated on bortezomib-based protocols, all patients who devel-
oped EMM lacked translocation t(11;14) (IGH/CCD1) at diag-
nosis [11]. However, the leading hypothesis is focused on the 
deletion of p53, loss of CD56, gain of CD44, mutations in the 
Ras pathway and cell-to-cell adhesion [11].

A study involving a cohort of 663 patients undergoing 
stem cell transplant for MM evaluated 55 patients with ex-
tramedullary disease at diagnosis and at relapse [12]. Eight out 
of 55 cases had EMM at diagnosis while 42 of the 55 patients 
developed EMM at time of relapse. The most common sites of 
EMM at the time of diagnosis were head and neck (31.6%), 
abdomen (26.3%), chest (21.1%), and central nervous system 
(12%). Within the abdomen, the most common site of involve-
ment was pancreas, peritoneum, kidney and ileum at the time 

of diagnosis. The most common location of EMM at the time 
of relapse was abdomen (40%) and chest (23.9%) with lung 
(16%) being the most common site, followed by liver (15%). 
Thirteen patients with EMM had biopsies that were strongly 
positive for CD44 (92%), chemokine receptor-4 (CXCR4) 
(38.5%) and CD56 (38.5%). Fourteen patients had abnormal 
cytogenetics, with the most common cytogenetic mutation be-
ing deletion 13q (64%, 9/14). Patients received combination 
of lenalidomide/bortezomib/dexamethasone (41%) or dexa-
methasone/thalidomide (45%) or bortezomib/dexamethasone 
(27%). All patients underwent autologous stem cell transplant 
(AuSCT) with 15 undergoing allogeneic stem cell transplants 
(AlSCTs). At a median follow-up time of 8 years, 41 of 55 pa-
tients had died with median overall survival (OS) at 4.4 years 
from diagnosis of MM and 1.3 years from diagnosis of EMM 
[12]. In a case series of seven patients with EMM, CD56 was 
absent in all seven out of the seven patients with EMM and 
CD44 was upregulated [13]. This in conjunction with other al-
terations in cell-cell adhesion (loss of P-selectin, very late anti-
gen-4 (VLA-4)) of plasma cells to the bone marrow niche (loss 
of P-selectin, VLA-4) with decreased expression of CCR1 and 
CC3 chemokine receptors and down-regulation of CXCR4 oc-
curs [11].

CD44 and its effect on tissue homing

CD44, also known as P-glycoprotein 1 or homing cell adhe-
sion molecule (HCAM), has long been associated with metas-
tasis seen in breast and prostate cancer as it directly interacts 
with the extracellular matrix and allows tumor invasion and 
is encoded on chromosome 11p13 [11, 14]. Multiple spliced 
variants with upregulation have been seen in various cancer 
types such as prostate (CD44v6), colon cancer (CD44v6) and 
pancreatic cancer (CD44v8). The extracellular membrane 
component binds to multiple ligands such as hyaluronan, col-
lagen and matrix metalloproteinases. In solid tumors, binding 
of CD44v to osteopontin allows migration and invasion to dis-
tant sites. In hematological malignancies, binding of CD44 to 
matrix metalloproteinase-9 (MMP-9) allows migration to bone 
and other soft tissues [14]. Mutations in MMP-9 have been 
found in chronic lymphocytic leukemia (CLL) cells which al-
low migration of CLL cells from bone marrow to lymph nodes. 
This in addition to elevated levels of soluble CD44v has been 
indicators of advanced disease in CLL. In several studies, up-
regulation of CD44 has been associated with presence of meas-
urable residual disease (MRD) leading to existence of several 
subclones causing permanence in bone marrow [15]. This was 
also found to be the case when biopsies were performed of 
liver specimens and pleural specimens where plasma cells 
were found to have high expressions of CD44 [15]. This con-
veys the idea that CD44 mutations allow diapedesis across the 
basement membrane, migration to other tissues and the setup 
of permanence in those tissues. Though CD44 is found ubiq-
uitous on hematopoietic stem cells (HSCs) and epithelial cells 
limiting a therapy targeting CD44, the CD44v isoform is com-
monly found in cancer stem cells including adenocarcinomas 
and hematological malignancies such as MM and acute my-
elogenous leukemia with low level expression on normal cells 
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[14]. Given this, therapy directed towards the CD44v proves 
to be a potential worthwhile target. As published by Casucci et 
al, a CD44v6 directed chimeric antigen receptor T-cell therapy 
has shown some preclinical response against MM while spar-
ing normal HSCs in mouse models [16]. In this study, 15 sam-
ples were taken from patients with varying stages of MM and 
13 samples had variable expression of CD44v6. Gene expres-
sion was silenced through MM1.S cells by shRNA interfer-
ence. CD44v6 silencing interfered with ability of MM1.S cells 
to engraft into the bone marrow of the mice. CD44v6 CAR-T 
cells recognized circulating monocytes, but not resting T cells, 
B cells, HSC or endothelial cells, resulting in a monocytopenia 
that was reversible in vivo with the introduction of an HSV-
Mut2 suicide gene that would be turned off by ganciclovir, a 
retroviral drug used for herpes infection [16]. Human trials are 
currently in production (NCT04427449).

CXCR4 and its effect on EMM

CXCR4 is associated with plasma cells homing to the bone 
marrow and loss of this leads to bone marrow escape. The 
CXCR4-chemokine ligand-12 (CXCL12) axis is important for 
homing HSC to the bone marrow microenvironment. CXCR4 
is the main chemokine found in MM, CLL and acute lympho-
blastic leukemia (ALL) cells and plays an important role in 
trafficking these cells to the bone marrow [15]. CXCL12 is 
expressed on bone marrow stromal and endothelial cells and 
binds to CXCR4 found on MM cells [15]. CXCRL12 has 
several isoforms including isoform alpha which is present on 
liver endothelial cells. In patients with MM, its expression is 
found in bone marrow areas with high MM cell infiltration 
[17]. Inhibition of the CXCL12-CXCR4 axis by plerixafor 
causes disruption of the bone marrow niche, causing MM cells 
to circulate in the peripheral blood. As CXCL12 is associated 
with the hypoxia-induced-factor-alpha (HIF-alpha) pathway, 
it has been felt that bone marrow hypoxia further drives in-
creased CXCR4 expression to the bone marrow. Increased 
CXCR4 amounts have been shown to increase acquisition of 
an epithelial mesenchymal transition allowing escape from 
the bone marrow niche. Studies with bortezomib showed that 
treatment with bortezomib reduces the CXCR4 expression, fa-
voring plasma cell escape from the bone marrow niche, which 
could explain why extramedullary disease is more common at 
relapse. Furthermore, as mentioned previously, hypoxia up-
regulated CXCL12 expression in the liver, which might addi-
tionally explain egress to the liver from bone marrow [17]. In 
a study done by Deng et al, it was found that patients with MM 
with high levels of lactate dehydrogenase (LDH) were also 
found to have EMM [18]. Bone marrow hypoxia leads to aero-
bic glycolysis which activates HIF-1-alpha and LDH-A which 
additionally leads to plasma cells leaving the bone marrow.

VLA-4 mechanism for EMM

VLA-4, also known as integrin α4β1, is an important process 
for cell-to-cell adhesion as seen between MM cells and the 

bone marrow niche. It is a noncovalent heterodimer that binds 
to vascular cell adhesion molecule-1 (VCAM-1) and fibronec-
tin. Activated VLA-4 in MM cells binds with high affinity to 
bone marrow stromal cells which increases cell adhesion, and 
increases drug resistance. Ablation in VLA-4 in mouse studies 
using clustered regularly interspaced short palindromic repeats 
(CRISPR) technology as shown by Hathi et al demonstrated 
decreased adhesion to the bone marrow stroma, however 
showed increased propensity of extramedullary disease [19].

CD56 and effect on EMM

CD56 is known as neural-cell adhesion molecule (NCAM) 
and is responsible for cell-cell adhesion of neurons and skel-
etal muscle but also is found on natural killer (NK) cells, and 
CD4+/CD8+ lymphocytes, monocytes, dendritic cells and to an 
extent, myelomatous plasma cells [20]. Physiologically, CD56 
is a phenotypic activation marker and predictor of normal NK 
cells, and NK cells were found to be negative in human im-
munodeficiency virus infections, chronic hepatitis, as well as 
post stem cell transplant as demonstrated by Van Acker [20]. 
In the bone marrow, CD56 is found on mesenchymal stromal 
cells and provides niche for hematopoietic stromal cells. Previ-
ously, CD56 was found to be strongly positive in MM with up 
to 70-80% of patients expressing CD56 [21]. The loss of CD56 
has been shown to be a poor prognostic factor in myeloma [11]. 
A meta-analysis performed by Zhang et al showed that CD56 
negative MM had poor OS compared to CD56 positive MM 
(hazard ratio (HR) = 1.8, P = 0.001) [21]. In regards to myelo-
ma, CD56 is paramount for maintaining connection to the bone 
marrow niche and holding myeloma cells together, with loss of 
CD56 in myeloma cells being associated with extramedullary 
spread [22, 23]. In addition to loss of myeloma cell adhesions, 
a CD56 low state leads to secretion of MMP-9 causing escape 
through the basement membrane [21]. However, when AuSCT 
was performed, CD56 expression had no correlation with prog-
nosis (HR = 1.16, P = 0.583) which might mean that AuSCT 
abrogated the negative prognostic effect [21].

13q deletion and 17p deletion in EMM

Both chromosome 13 and chromosome 17 are intact for tumor 
suppression and associated loss has been associated with tum-
origenesis. The retinoblastoma (Rb) tumor suppressor gene is 
located on chromosome 13, while p53 tumor suppressor gene 
is located on chromosome 17 [24]. Through sentinel mapping 
of the chr13 gene in MM, 80-90% of patients with this muta-
tion had loss of the entire gene and 10-20% had interstitial de-
letion involving chromosome band 13q14-q21 located distally 
to the Rb gene. It has been hypothesized that loss of 13q is 
considered as a gate-keeper mutation for development of MM 
as it is seen in up to 40-50% of cases of MM by FISH. It is fre-
quently associated with FGFR mutations (t(4;14)) or t(14;16)
(q23;q23) which are known to be poor prognostic indicators 
in MM. In patients with these mutations, incidence of mono-
somy 13 or 13q deletions increases to 90%. The deletion is 



Articles © The authors   |   Journal compilation © World J Oncol and Elmer Press Inc™   |   www.wjon.org 317

Gupta et al World J Oncol. 2022;13(5):311-319

also found in 65% of chromosome 1q mutations. However, in 
monoclonal gammopathy of unknown significance (MGUS), 
only 21% carry the -13/13q, suggesting that loss of 13 is a 
potential key of transformation to MM [24]. In regards to p53 
tumor suppressor gene mutations in MM, these events are rela-
tively uncommon with 5-10% occurring in newly diagnosed 
MM and not seen in MGUS (0/56 patients analyzed at a single 
institution) [25]. In patients who do have p53 mutations, OS 
is shorter at 7.9 months compared to 25.7 months and patients 
are more likely to present with plasma cell leukemia (25%), 
present at time of relapse, and associated with extramedullary 
disease. According to a study which looked at 834 patients 
with MM at a single institution, among those with p53 mutated 
at presentation, 34% (10 out of 29) with EMM had deletion of 
p53, whereas only 11% (29 out of 243) of patients with MM 
had this deletion [18]. As p53 mutations carry a poor progno-
sis, P53 stabilizers could be an option for patients with mutated 
TP53. APR-246, a small molecule that stabilizes mutated p53, 
has shown promise in TP53-mutated acute myeloid leukemia 
(AML), and the combination of the small molecule p53 reac-
tivation and induction of massive apoptosis or PRIMA-1(Met) 
with APR-246 showed efficacy in vitro with harvested MM 
cells in xenografic mouse models with induced apoptosis in 
myeloma cells without affecting HSC as well as stabilizing 
p53 to a normal conformation [26]. The combination with 
dexamethasone increased this antitumor effect.

Ras pathway activation

In a study by Bezieau et al, seven out of 11 patients with EMM 
had activating Ras mutations: three out of six patients with 
identical IgH sequencing had positive activating Ras muta-
tions in their extramedullary plasma cells but not intramedul-
lary plasma cells, suggesting a gain of mutation allowing tran-
sition to the periphery [27].

Long non-coding RNA (lncRNA) MALAT1

In addition to genes processing active protein, studies have 
shown that non-coding RNA can interfere with cellular pro-
cesses such as proliferation, apoptosis and cell motility. The 
lncRNA frequently includes more than 200 nucleotides and 
can work as regulatory RNA, with deregulation occurring in 
tumor carcinogenesis, metastasis, stem cell differentiation and 
resistance to chemotherapy. MALAT1 is highly expressed in 
tissues and activates gene expression through polycomb pro-
teins, and is found widespread through cancer metastasis [28]. 
The non-coding RNA comes from chromosome 11q13 and is 
upregulated by IgH enhancer as can be seen in t(11;14) myelo-
ma. Because of its association with metastasis in solid tumors, 
Handa et al looked at MALAT1 expression in 114 myeloma 
patients through the use of cell lines [28]. EMM was observed 
in 44 patients at time during disease course, with 39 at time of 
diagnosis. EMM was found frequently in patients with dele-
tion of 17p (P = 0.009). MALAT1 expression was higher in 
MM compared to MGUS (P < 0.001) and significantly higher 

in EMM patients (7.7) compared to MM patients (5.5) (P = 
0.05). Interestingly, MALAT1 expression was 10,000-fold 
higher in EMM cells than bone marrow myeloma cells from 
the same patients. In intramedullary plasma cells, high expres-
sion of MALAT1 had worse OS (mOS of 1.75 years) compared 
to low MALAT1 group (mOS of 5.03 years). It was shown 
that proteasome inhibitors and anthracycline-based regimens 
increased MALAT1 expression in cell lines that were given 
bortezomib and doxorubicin [28].

Conclusion/learning points

MM is typically known as a disease of bone marrow plasma 
cells. Extramedullary presentation is usually associated with 
advanced disease, refractoriness to treatment and early mortal-
ity. The mechanism of extramedullary spread is thought to be 
multifactorial and is poorly understood. Some of the proposed 
mechanisms of extramedullary spread include gain of CD44, 
loss of CD56, loss of VLA-4, imbalance of the CXCR4-CX-
CL12 axis, MALAT1 upregulation, RAS pathway activation 
as well as 13q and 17p deletions which increase the propensity 
of malignant plasma cells to leave the bone marrow and hone 
in extramedullary sites. These mutations and immune-escape 
phenomenon can lead to bone marrow escape, causing local 
and widespread disease. Overall, given that the mutations in-
volved in escape include well-known oncogenes such as RAS 
as well as loss of tumor suppressor p53 and Rb, patients who 
have EMM have a worse prognosis as shown by our literature 
review showing poor response to conventional and aggressive 
chemotherapy. The introduction of anti-myeloma therapies 
such as the proteosome inhibitor bortezomib ablates the host-
myeloma environment allowing bone marrow escape. Wheth-
er that is by the downregulation of CXCR4, the inhibition 
of VLA-4, the upregulation of MALAT1 through cell stress, 
anti-myeloma therapy disrupts the bone marrow-myeloma cell 
niche at a potential cost of EMM at time of relapse. More data 
would need to be collected in response to newer agents for 
refractory/relapse MM to determine if these agents can reduce 
morbidity and mortality in patients with EMM.

A potential future target in this disease would be an anti-
CD44v antibody or CAR-T cell therapy targeting the plasma 
cells’ ability to leave the bone marrow and hone to other tis-
sues. Another potential target in TP53-mutated MM would 
be a small molecule reactivator of the P53 protein to restore 
it to its wild-type conformation. However, until then, further 
studies will need to be elucidated to determine if these current 
therapies or new therapies can decrease the risk of EMM as 
well as treating relapsed disease.

Testing for CD44 and CD56 is not standard of care at the 
time of diagnosis or relapse. TP53 and Rb tests are usually 
performed as a part of FISH. Based on our review, as CD44 
and CD56 are predictive of extramedullary spread, poor prog-
nosis and possible target in the future, it may be worthwhile to 
obtain the tests at the time of diagnosis and relapse. We also 
recommend changing the adaptive imaging strategies by using 
CT and PET imaging rather than just skeletal surveys in this 
at-risk population to detect extraosseous disease at the time 
of biochemical relapse. Patients with EMM may also benefit 
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from more intensive therapies such as quadruplets instead of 
doublets or triplets due to its more aggressive disease course; 
however, this would need to be investigated further.
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