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Abstract

BACKGROUND

Multiple myeloma (MM) complicated with extramedullary disease (EMD) has a poor
prognosis and is a bottleneck in the treatment of MM, and no standard treatment is

recommended in international guidelines. Only a few studies have reported MM with

periorbital EMD.

CASE SUMMARY

In this paper, the clinical characteristics and survival of seven patients with multiple
myeloma and orbital are described and analyzed. The common ocular symptoms were
blurred vision, proptosis and/or eye movement disorders, IgG type MM may be a risk
factor for orbital involvement, Of them, six patients were treated with bortezomib-
based regimens. The median overall survival (OS) and progression free survival (PFS)
for the entire cohort were 48 and 33 mo, respectively, which was much worse than the

OS reported for MM patients without orbital EMD.

CONCLUSION




Orbital MM may have significantly shortened survival for the entire cohort, so
multidisciplinary collaboration is emphasized and recommended in the diagnosis and

treatment of these difficult cases.

INTRODUCTION

Multiple myeloma (MM) is a malignant plasmacytoma with clonal plasmacytosis in the
bone marrow or extramedullary plasmacytoma, and the presence of monoclonal
immunoglobulins (M protein) in the blood and/or urine. The median age for diagnosis
MM is 70 years and the incidence of MM is currently on the rise [1]. The application of
new drugs has improved the survival of MM patients, but MM is still an incurable
disease [1-2].

Extramedullary disease (EMD) is characterized by subclones that proliferate
independently of the bone marrow microenvironment, escape apoptosis, and are
resistant to therapy. Adhesion molecules, epigenetic and immune changes, may play an
important role in the molecular pathogenic mechanisms underlying EMD.
Abnormalities in the tumor microenvironment, such as BRAF-MEK, RAS pathway and
P53 gene deletion, account for 10-20% of MM, and may be involved in pathological
processes, and then the effective personalized therapy may have implications for the
treatment of such diseases [2-6].The incidence of diagnosis to recurrence in bone-related
EMD (bEMD) and soft tissues related EMD (sEMD) is 7%-34% and 3.4%-10%,
respectively [2-6].

Herein, seven patients with MM and orbital EMD patients were reported from our

single center, and their clinical features and survival were analyzed.

CASE PRESENTATION

Ocular Clinical Characteristics

Two patients (28.6%) had ocular symptoms as the presenting complaint, the other five
patients (71.5%) presented with orbital EMD during the MM disease process. Two
patients developed MM and EMD at the same time, while five patients developed MM




and EMD sequentially. The interval between MM and orbital EMD spanned 0-52 mo,
and it was with an average interval of 25 mo.

The two patients with ocular symptoms as the chief complaint were confirmed to
have orbital plasmacytoma based on surgical and pathologic findings. Of the seven
patients, five patients underwent ophthalmic surgery, and four of them were diagnosed
with a plasmacytoma based on pathologic evaluation of biopsy specimens. Radiologic
imaging findings of orbital EMD were available for all patients. Orbital EMD was
shown to involve the superior orbital muscle intervertebral space, internal and external
rectus muscles, lacrimal gland, optical canal, retina, and choroid plexus. The pathologic
evaluation and immunohistochemistry findings are displayed in Figures 1.

Five patients (71.4%) had blurred vision and three patients (42.9%) had
exophthalmos and/or ocular movement disorders. Other symptoms included eye
discomfort, blepharoptosis, orbital swelling, and superciliary arch pain (one patient
each, 14.3%). The clinical manifestations due to orbital EMD were usually related to the
site of the lesion; the characteristics are shown in Table 2 and Figure 1.

Of the four patients diagnosed with plasmacytoma based on ophthalmic surgery,

pathologic evaluation and the immunohistochemical findings (Figure 1).

Baseline Clinical Data

Seven patients with MM and orbital EMD were followed up, the median follow-up time
was 48 mo (range 24-120 mo). Three patients (14.3%) were ISS stages I and two patients
(28.6%) were stage II and III. There were five cases with IgG-x type (71.4%) and two
cases with k-light chain type (28.6%). Among four patients who underwent FISH
examination, two patients (28.6 %) were positive for 1q21 amplification. The clinical data
is shown in Table 1.

EMD was confirmed in all MM patients by radiologic examination and / or pathologic
evaluation of biopsy specimens and immunohistochemistry. EMD involved orbital
tissues in all patients, their diameter in two patients (28.6%) was = 5 cm. In addition, six

patients (85.7%) had EMD at sites other than the orbit. With the exception of orbital




EMD, five patients (71.4%) had bEMD and two patients (28.6%) had sEMD. The sites of
bEMD included the skull and ribs three patients each (42.9%), lumbar spine two cases
(28.6%), sternum one patient (14.3%), acromial end and paralar sacrum one patient
(14.3%). Non-orbital sEMD was detected in the thyroid gland, breast, and ovary in one
patient each (14.3%). No cerebral parenchymal MM involvement was demonstrated in

any patients.

Imaging examinations

All patients had bone destruction showed in all radiographic images including in
CT, MRI or PET-CT or X-ray, of them, many patients had EMD masses, 6 patients had
EMD at more than 2 Locations, and the EMD was located in the spinal cord, thyroid
gland, breast, armpit soft tissue, efc. There were 2 patients with EMD greater than 5cm

in maximum diameter.

Laboratory examinations

Immunofixation electrophoresis in 5 and 2 patients showed positive for IgG kappa and
kappa light chain, respectively. Biochemical tests for elevated creatinine were seen in
case 3, and hemoglobin less than 10 g/L and elevated LDH were seen in case 7. Serum
calcium levels were normal in all 7 patients.

Bone marrow examination including bone marrow biopsy showed that the
abnormal plasma cells in this group of patients were about 2.5%. Most of the patients
were diagnosed with MM because of the local presence of biopsy-proven
plasmacytoma; the latter belonged to peripheral EMD or extraocular EMD (Table 1 and
Table 2).Pathologic evaluation findings of biopsy specimens, the immunohistochemical
characteristics were as follows: CD38 (+), CD138 (+ or -), Kappa (+), or CD56(+),and
CD5, CD19, and CD20 were not expressed. The pathologic biopsy HE-stained smear is
displayed in Figurel.

Physical examination




In case 1, bony masses of 3*3 and 6*4 cm were palpable on the left frontal bone and
the left side of the sternum body, respectively, with a hard texture and poor mobility. In
Case 3,a 4*4cm mass was seen on the top of the head, with a hard texture and poor
mobility. Case 4 was seen with strabismus of the left eye. In Case 5, a mass of about 3
cm in diameter was palpable in the left breast, firm, well-defined, and nontender. In
Case 7, the right palpebral fissure was closed, and a 3cm-long surgical suture incision
was seen on the lower edge of the right eyebrow arch. No positive physical findings

were found in other patients.

Personal and family history

There were no specific tumor etiologies based on personal and family histories.

History of past illness

Case 1 had a history of hypertension for more than 10 years. Case 2 suffered from
hepatitis B at birth with long-term oral entecavir treatment. Since April 2019, she
suffered from hypothyroidism and has been taking euthyrox for a long time. Case3 was
diagnosed as a hepatitis B carrier in 2010. There was nothing apparent in the past

history of the other cases.

History of present illness

The basic clinical characteristics and the ocular clinical manifestations of patients,
such as ocular symptoms, the location of lesion, mass size, and extraocular
manifestations, are shown in Table 1 and Table 2, respectively.

Case 2 underwent resection of the thyroid mass and left orbital lacrimal gland mass
in May 2018 and April 2019, respectively. Case5 received left orbital mass, bilateral
uterine appendage and left breast mass excision in February and September 2010,
respectively.Case7 underwent lumbar fracture internal fixation and tumor resection,

right orbital tumor resection in July 2014 and March 2019, respectively.




Chief complaints

Seven patients with MM and orbital EMD were enrolled from the inpatient departments
of our hospital between 1 December 2007 and 30 November 2019. All of the patients met
the diagnostic criteria both for MM and orbital EMD. There were 3 males and 4 females,
with a median age of 41.4(33-54) years. Information and Chief Complaints of seven
patients are shown in Table 1 and Table 2, including periorbital blurred vision,
proptosis or eye movement disorders, and so on.

The diagnostic criteria for MM conformed to the 2014 International Myeloma
Working Group (IMWG), and the International Staging System (ISS) [1] was used for
the clinical staging of MM. Orbital EMD was diagnosed by imaging and/or pathologic
evaluation of biopsy specimen, at least one tissue specimen exhibited as a clonal plasma
cell infiltration or plasma cell tumor based on pathologic evaluation of a biopsy
specimen and immunohistochemistry. The following exclusion criteria were applied in

this study: non-periorbital EMD; plasma cell leukemia; and amyloidosis.

FINAL DIAGNOSIS

Based on the above systemic or ocular clinical manifestations, pathological and
immunohistochemical results or radiographic findings of EMD, the seven patients were
all diagnosed with MM combined with orbital EMD, and routine differential diagnosis

was made to exclude other tumors.

TREATMENT

The treatments were divided into induced remission, consolidation and
maintenance therapy. Induction therapy was based on bortezomib (B or V),
cyclophosphamide (C) or ifosfamide (IFO), adriamycin (A) or epirubicin (EPI) or
liposome doxorubicin (PLD or D), dexamethasone (Dex or D), and lenalidomide (R) or
thalidomide (T) for chemotherapy regimens, then received with maintenance therapy of
thalidomide or lenalidomide. Generally, for every 1-2 courses of induced

chemotherapy, serum or urine M protein was tested to determine the efficacy of the




treatment, and it usually takes 6-9 cycles to carry out induced remission. Patient
response was evaluated by M protein and CT or MRI based on the sites of
extramedullary invasion 7.

Seven patients (100%) received chemotherapy, five patients (71.4%) underwent
surgical resection of orbital tumors, and two patients (28.6%) received surgery, local
radiotherapy, and combined chemotherapy synchronously.

Among the seven patients, six (85.7%) were treated with bortezomib-based
chemotherapy one (14.3%) with non-bortezomib-based chemotherapy. Six (85.7%)
and one (14.3%) patients achieved a complete response (CR) and partial response (PR),
respectively. However, one patient (14.3%) progressed rapidly within 6 mo after a CR

was demonstrated. The treatment options and responses are shown in Table 3.

aUTCOME AND FOLLOW-UP

The study was approved by the Ethics Committee of Beijing Chao-yang Hospital,
Capital dical University (Beijing, China) with detailed follow-up information
obtained. All aspects of the study were conducted in accordance with the principles of
the Declaration of Helsinki. Informed consent from patients was obtained to publish
this paper.

Follow-up telephone contact was made with all patients who did not keep follow-
up appointments or telephone interviews in the previous year. Death certificates were
requested when needed.

SPSS 22.0 software was used for statistical description and analysis of relevant data
as follows. Overall survival (OS) refer to the time from diagnosis to death or missed
follow-up, and progression free survival (PES) refer to the time from chemotherapy to
relapse, progression, death of any cause or the last follow-up evaluation. The Kaplan
Meier method was used to calculate OS and PFS functions, 5-year overall survival rate
and the survival curves were drawn. The survival times of patients treated with
different regimens were compared using the log-rank method (P < 0.05 was statistically

significant).




Survival Analysis

All patients in this group were followed closely, and the last follow-up was May 2020.
Three patients survived and four died. Two, one and one patient died of MM, multi-
sites EMD and a severe pulmonary infection, respectively.

The log-rank method was used to compare OS of chemotherapy alone, surgery
with chemotherapy, and surgery combined with chemotherapy and radiotherapy; there
were no significant differences in treatment response (P = 0.176). Survival analysis
showed that the OS ranged from 18 to 127 mo, with a median OS of 48 mo. In addition,
PFS ranged from 18 to 44 mo, with a median PFS of 33 mo, and the 5-year OS rate was

40%. The survival curves are shown in Figures 2.

DISCUSSION

The clinical data of 737 patients with MM treated at our hospital in the most recent 12
years were reviewed in the present study. Among them, 186 patients were recognized
to diagnose as MM with EMD, the incidence rate was 25.24%, which is similar to that
reported in previous studies [1-6]- Orbital EMD accounted for 0.95% of MM patients
during the same period and 3.76% of all patients with EMD. In a review of 2480 orbital
lesions, most orbital tumors were benign , of which 317 (13%) were
lymphoproliferative lesions and only 1% were plasmacytomas| 8]. Therefore, MM
complicated by orbital EMD is relatively rare.

The EMD diameter of two patients in this study was > 5 cm; however, how the
focal size affects survival is controversial. Montefusco ef al [9] concluded that EMD size
is not correlated with PFS, but a significant difference exists with respect to OS. In 7
patients, the mean bone marrow plasma cell count 2.5%. Five of 7 (71.43%) patients had
the IgG-k type of MM, the average IgG level was 9.52 g/L, and the 24-h urine x level
was 0.012 g/L in IgG k-type patients after developing eye symptoms. When EMD
occurs, the number of naive plasma cells infiltrating tissues increased and the number
of plasma cells in bone marrow decreased. EMD is related to an abnormality of

adhesion molecules, and due to the decreased ability of the bone marrow




microenvironment to control tumor cell invasion in the late stage of the disease, M
protein secretion decreases due to plasmacytoblastization [5-6,10]. It has been suggested
that there is an association between the MM subtype and the possibility of orbital
infiltration, and IgG is more common according to the literature [11-12]. The IgG type
of MM may be a risk factor for orbital involvement 13, which is in agreement with our
results.

Orbital involvement is most common in patients with active MM disease, invasion
of the orbit may be one of the extramedullary lesions, or may be the first manifestation
of disease recurrence [14-15]. Of seven patients in this study, two patients presented
with ocular involvement as the primary symptom (28.6%), and the remaining 5 patients
developed periocular EMD after the diagnosis of MM was established (71.4%). MM
complicated by orbital EMD, proptosis, and/or limited movement and other ocular
symptoms can be treated as the first symptom, followed by ophthalmic surgery to
remove the periorbital mass. The pathologic diagnosis of plasmacytoma or solitary
plasmacytoma or MM can also be secondary to the course of MM. According to reports
in the literature, orbital plasmacytoma mainly originates from the superior temporal
quadrant of the orbit, and usually presents as progressive, painless swelling and
protrusion of the eyeball, combined with blurred vision and retinal compression signs
[11,16-18] . In addition, decreased visual acuity, edema, and diplopia are also common
[11-12], most of which present as unilateral lesions [11,16]. Intraorbital disease tends to
follow a more aggressive course compared with extraorbital plasmacytoma [11,17].

Within the entire group of patients, 71.4% had symptoms of blurred vision and
57.1% had EMD involving the orbital supraorbital muscle, extravertebral space, internal
and external rectus muscles, lacrimal gland, optic canal area, retina, and choroid plexus.
Among orbital lesions, intraocular involvement is less frequent than orbital
involvement, and optic nerve involvement is rare, including direct infiltration,
compression, or hyperviscosity syndrome caused by excess monoclonal

immunoglobulin [6,16,19-22]. Optic neuropathy is further assessed with a fundus




examination, CT or MRI, and laboratory tests to determine the cause of visual
impairment.

There is no consensus on treatment approaches for patients with MM and EMD;
however, a combination of EMD directed chemotherapy-based comprehensive
treatment including novel agents which can increase local concentration through tissue
may have the greatest efficacy [5]. In the present study, although no brain parenchyma
involvement was detected, and six of seven patients (85.7%) had soft tissue involvement
in > 2 sites, including the spinal cord, thyroid gland, breast, and axillary lesions. Six of
seven of the patients were initially treated with bortezomib-based chemotherapy, and
some patients also used bortezomib combined with liposomal doxorubicin or
lenalidomide, efc. Three of seven patients received concurrent local radiotherapy
combined with chemotherapy. With the exception of one patient who achieved a PR,
the remaining six patients achieved a CR. Survival analysis showed that the median OS
was 48 mo, which is similar to the reported survival [5,11], and significantly lower than
the 5-7 years reported in the literature for MM patients without EMD [1], Thus, orbital
EMD may be a negative factor for patient survival. Among the seven patients, two were
1g21-positive based on FISH amplification, that is also a poor prognostic factor in MM,
with only 24 mo of survival time [2]. It is possible that EMD is an independent poor
prognostic factor[23], which is significantly associated with decreased OS. CD38
monoclonal antibody (mADb) in combination with chemotherapy regimens, such as
lenalidomide, pomalidomide, KRD (carfilzomib combined with RD) or DECP, and
autologous stem cell transplantation (ASCT) , including intrathecal injection, are
currently used to increase drug concentration in tissues to eradicate the myeloma clone
infiltration in extramedullary tissue[21,23]. The effect is limited, and patients often
experience more aggressive disease later [9,25-26], with devastating visual impairment,
and the main cause of the patient death is relapse or disease progression [5], presenting
a more aggressive disease process, as in the current study.

Based on lymphoma-like regimens, such as PACE, DCEP, or 4 or more CD38
monoclonal antibody (mAb) drugs combined with VRD or KRD induction




chemotherapy, followed by a long course of single or double ASCT, or a new therapy
combined with Car-T, despite the unsatisfactory response to BCMA-based CAR-T
therapy, only a limited time of remission can be maintained [, as in case 2 in the
current study. Although the ongoing lipid metabolomics studies by our group have not
found specific tumor microenvironment abnormalities in MM patients with EMD B0,
with the gradual clarification of the definition of EMD and the accumulation of
evidence from multi-omics studies targeting high-risk MM patients, well-designed
clinical trials of precision therapy will gradually overcome the poor prognosis of EMD
in MM [2l. Due to the small number of cases and the long timespan of this study, there
are inevitably many deficiencies. (1) The number of myeloma cells in the bone marrow
is limited, and more importantly, there is a lack of abnormal biological data from the
bone marrow or EMD tumor local parts, which may miss the design approaches of
personalized targeted therapy. (2) The application of appropriate therapies for high-risk
MM, such as ASCT and CD38 mAb are also insufficient. So it is warranted of genome-

directed personalized clinical trials with a large number of cases.

CONCLUSION

MM combined with orbital EMD is a rare clinical entity. The most common ocular
symptoms are blurred vision, proptosis and /or ocular movement disorders. Although
the response rate of bortezomib-based chemotherapy is high, survival was significantly
shortened. Therefore, multidisciplinary management by hematologists and ophthalmic
radiation oncologists is recommended.

Key points from the cases

(1) MM with orbital EMD is rare, IgG type MM may be a risk factor for orbital
involvement, and unilateral disease is more common.

(2) General ocular symptoms are blurred vision, proptosis or eye movement disorders,
and eye pain is not apparent. Orbital MM is an aggressive lesion that may cause
catastrophic visual impairment. In addition to a biopsy of the lesion, PET/CT or MRI is

more sensitive and useful than CT for the diagnosis and evaluation of orbital MM.




(3) Nowadays, more precision, individualized therapy for these patients has not

improved, and survival is inadequate.
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