m

Check for

updates
Original article Y M S
eISSN 2799-8010 JOURNAL OF YEUNGNAM
] Yeungnam Med Sci 2022;39(4):300-308 MEDICAL SCIENCE

https://doi.org/10.12701/jyms.2021.01648

Clinical impact of spine magnetic resonance imaging
as a valuable prognostic tool for patients with multiple
myeloma: a retrospective study
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Background: This study investigated the prognostic impact of spine magnetic resonance imaging (MRI) in patients newly diagnosed
with multiple myeloma (MM).

Methods: We retrospectively evaluated 214 patients who were newly diagnosed with MM between March 2015 and December 2019.
The patients were classified into five different infiltration patterns based on spine MRI as follows: (1) normal appearance, (2) focal, (3)
diffuse, (4) combined focal and diffuse infiltration, and (5) “salt-and-pepper.”

Results: Forty patients (18.7%) showed a normal appearance, whereas focal, diffuse, combined focal and diffuse infiltration, and “salt-
and-pepper" patterns were identified in 68 (31.8%), 40 (18.7%), 52 (24.3%), and 14 patients (6.5%), respectively. The patients with
normal and “salt-and-pepper" patterns were younger than patients with other patterns (median age, 61.6 vs. 66.8 years; p=0.001).
Moreover, 63% and 59.3% of patients with normal and “salt-and-pepper" patterns were scored International Staging System (ISS)
stage | and revised ISS (R-ISS) stage |, respectively, whereas only 12.5% of patients with other patterns were scored ISS stage | and
R-ISS stage I. Patients with normal and "salt-and-pepper" patterns had a better prognosis than those with other patterns, whereas re-
lapse and death rates were significantly higher in patients with focal, diffuse, and combined MRI patterns.

Conclusion: Characteristic MRI findings have a significant prognostic value for long-term survival in patients newly diagnosed with
MM. In particular, focal, diffuse, and combined focal and diffuse infiltration patterns are unfavorable prognostic factors.
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Introduction plantation (ASCT) has improved survival; however, MM i still

considered an incurable disease [2,3]. Moreover, patients newly di-
Multiple myeloma (MM) is a neoplastic plasma cell disorder that agnosed with MM might show a heterogeneous prognosis, with
accounts for approximately 10% of hematologic malignancies [1]. survival durations ranging from a few months to more than 10
The introduction of various agents and autologous stem-cell trans- years [4,5]. Previous studies have attempted to establish a reliable
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prognostic system based on various factors such as staging and dis-
ease-related biology. The International Staging System (ISS) and
revised ISS (R-ISS) are representative clinically useful prognostic
scoring systems based on serum albumin, beta-2 microglobulin
(B2M) and serum lactate dehydrogenase (LDH) levels, as well as
high-risk chromosomal abnormalities detected by fluorescence in
situ hybridization (FISH) [6,7]. However, these prognostic mod-
els still have some pitfalls in that there is no interlaboratory stan-
dardization of FISH analysis and cutoff levels for LDH. In addi-
tion, a relatively short median follow-up period and exclusion of
host-related factors are possible limitations [ 7].

Magnetic resonance imaging (MRI) is highly sensitive for the
detection of focal bone or bone marrow lesions, including those
that are not osteolytic. Therefore, the revised International Myelo-
ma Working Group (IMWG) diagnostic criteria for MM include
MRI [8]. MRI could predict disease progression in which patients
with MM with more than one focal bone lesion had a higher risk
of progression to end-organ damage [9-11]. Several studies have
classified MRI findings and attempted to identify their clinical sig-
nificance as a predictive or prognostic modality in patients newly
diagnosed with MM [12,13]. Song et al. demonstrated that spine
MRI at the time of diagnosis was useful for prognosis in a study of
113 patients [ 14 ]. However, the role of MRI in predicting the treat-
ment response and deciding whether to proceed with ASCT re-
mains controversial.

Therefore, this study aimed to identify the novel prognostic role
of spine MRI in patients newly diagnosed with MM. In addition,
we analyzed the response to standard treatment and ASCT accord-
ing to the specific patterns of spine MRL

Methods

Ethical statements: This study was approved by the Institu-
tional Review Board (IRB) of Kyungpook National Universi-
ty Hospital (IRB No: KNUH 2021-12-023) in accordance
with the Declaration of Helsinki. The requirement for in-
formed consent was waived by the IRB due to the use of ano-
nymized data and the retrospective design.

1. Patients

This study retrospectively reviewed 214 patients who were newly
diagnosed with MM between January 2015 and December 2019
at KNUH. Patients were diagnosed with MM based on the revised
IMWG criteria and underwent whole-spine MRI before the initia-
tion of anti-myeloma treatment. MM-related work-up, including

protein electrophoresis; levels of serum immunoglobulin, serum

B2M, and LDH; and FISH was investigated, and ISS and R-ISS
stages were evaluated. Patient records were reviewed for medical
history, age, sex, laboratory test results, treatment method, re-

sponse, and survival.

2. Spine magnetic resonance imaging

Whole-spine MRI was performed to investigate bone marrow in-
filtration patterns and soft tissue masses, including sagittal and axial
T1- and T2-weighted MRI images. Gadolinium-enhanced axial
and sagittal T1-weighted MRI images were also obtained. All MRI
images were analyzed by two radiologists. Based on previous data,
patients were classified into five different infiltration patterns of
spine MRI as follows: (1) normal appearance of bone marrow; (2)
focal infiltration, (3) homogeneous diffuse infiltration, (4) com-
bined focal and diffuse infiltration, and ($) “salt-and-pepper” pat-
tern with inhomogeneous bone marrow and interposition of fat is-
lands (Fig. 1) [15,16].

3. Statistical analyses

Categorical variables are summarized as counts with proportions,
and continuous variables are described as medians with ranges.
Progression-free survival (PFS) was calculated from the time of
treatment to the point of disease progression or death. Overall sur-
vival (OS) was measured from the time of diagnosis to death or the
last follow-up date. The probabilities of PFS and OS were estimat-
ed using the Kaplan-Meier method and compared using the log-
rank test. The Mantel-Byar test and the Simon and Makuch meth-
od were used to address the time-dependent covariate approach
for ASCT. Cox regression was used to identify factors associated
with long-term survival. Factors with a p-value of < 0.1 in the uni-
variate analysis were included in the multivariate analysis. The haz-
ard ratio (HR) and 95% confidence interval (CI) were estimated
for each factor. Statistical significance was set at p < 0.0S. Statistical
analyses were conducted using R statistical software ver. 3.6.2 (R
Foundation for Statistical Computing, Vienna, Austria; available at

http://www.r-project.org).

Results

1. Patient characteristics

The median age at the time of diagnosis was 67 years (range, 37—
87 years), and 88 patients (41.1%) were male. Forty patients
(18.7%) showed normal bone marrow, while focal infiltration, dif-
fuse infiltration, combined focal and diffuse infiltration, and “salt-
and-pepper” patterns were identified in 68 (31.8%), 40 (18.7%),
52 (24.3%), and 14 patients (6.5%), respectively. Sixty-six patients
(30.8%) were able to receive ASCT. Most patients underwent bor-
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Fig. 1. Magnetic resonance imaging classification of bone marrow involvement pattern in patients with multiple myeloma. (A) Normal
bone marrow pattern. Homogeneous high signal intensity of bone marrow on sagittal T1-weighted image is compared with that of
intervertebral disc. (B) Focal nodular infiltrative pattern. Focal nodular low signal intensity lesions (arrows) on sagittal T1-weighted image
in T11 and L4 suggest focal nodular infiltrative pattern. (C) Diffuse infiltrative pattern. Diffuse homogeneous low signal intensity replacing
normal marrow signal on sagittal T1-weighted image suggests diffuse infiltrative pattern. (D) Combined infiltrative pattern. Sagittal T1-
weighted image shows diffuse homogeneous low signal intensity replacing normal marrow signal (arrow) in S2 and focal nodular low
signal intensity lesions (arrowheads) in L1 and L2. Small foci also noted throughout the marrow suggest combined infiltrative pattern. (E)
“Salt-and-pepper" pattern. Small foci of low signal intensity throughout the marrow on sagittal T1-weighted image suggest “salt-and-

pepper" pattern.

tezomib-based chemotherapy as first-line treatment. The patient

characteristics are summarized in Table 1.

2. Survival outcomes according to spine magnetic resonance
imaging patterns

With a median follow-up period of 37.9 months, the 3-year PFS
and OS rates of the patients were 39.8% and 66.9%, respectively
(Supplementary Fig. 1). Among the 214 patients, 98 (45.8%) ex-
perienced relapse and 66 (30.8%) died. The risk stratification of
the enrolled patients was classified according to ISS and R-ISS
(Supplementary Fig. 2). In the spine MRI-based subgroup analy-
sis, the patients showed various clinical outcomes (Fig. 2). In
particular, the patients with normal bone marrow and “salt-and-
pepper” patterns had a relatively better prognosis than those with
other patterns (Fig. 3). The patients with normal and “salt-and-
pepper” MRI patterns tended to be younger than those with oth-
er patterns (median age, 61.6 vs. 66.8 years; p=0.001). More-
over, 63% and 59.3% of patients with normal and “salt-and-pep-
per” patterns were classed as ISS stage I and R-ISS stage I, respec-
tively, whereas only 12.5% of patients with other patterns were
classed as ISS stage I and R-ISS stage I. More patients with nor-
mal and “salt-and-pepper” MRI patterns could undergo ASCT.
Relapse and death rates were significantly higher in patients with
focal, diffuse, and combined MRI patterns than in those with
other patterns (Table 2).
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3. Relevance of autologous stem-cell transplantation with
regard to spine magnetic resonance imaging patterns
Among the 214 patients, 66 (30.8%) underwent ASCT. In the
normal and “salt-and-pepper” pattern groups, 48.1% of patients
underwent ASCT, while 25.0% of patients with other patterns
could receive transplantation (Table 2). Overall, the patients who
underwent ASCT showed significantly better PES and OS than
those who did not (Supplementary Fig. 3). In the focal, diffuse,
and combined infiltration groups, patients who received ASCT
had superior PFS (p < 0.001) and OS (p < 0.001), while in the nor-
mal and “salt-and-pepper” patterns, patients who underwent
ASCT only had better PFS (Fig. 4). Twelve patients experienced
disease relapse after ASCT. Four patients (33.3%) showed normal
bone marrow patterns, whereas eight patients (66.7%) showed fo-
cal and diffuse infiltration.

4.Independent prognostic factors affecting long-term
outcomes

Multivariate survival analysis for PFS revealed that elevated LDH
levels and high-risk cytogenetics were significant poor prognostic
factors (HR, 3.278; 95% CI, 1.601-3.546; p <0.001 and HR,
2.997;95% CI, 1.281-3.262; p=0.003, respectively). ISS and
R-ISS were correlated with disease progression (HR, 2.903; 95%
CI, 1.976-4.135; p < 0.001 and HR, 1.329; 95% CI, 1.013-4.493;
p=0.032, respectively). In addition, focal, diffuse, and combined
MRI patterns were significantly associated with lower PFS than
normal and “salt-and-pepper” patterns (HR, 2.040; 95% CI,
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Table 1. Baseline patient characteristics

Characteristic Data
No. of patients 214
Age (yr) 67 (37-87)

>70 70 (32.7)
Sex

Male 88 (41.1)

Female 126 (58.9)
Elevated LDH 48 (22.4)
Serum creatinine, >2 mg/dL 40 (18.7)
BM plasma cell (%)

<60 186 (86.9)

>60 28 (13.1)
Extramdeullary plasmacytoma 7(7.9)
High-risk CA by iFISH? 31 (14.5)
ISS

| 54 (25.2)

Il 62 (29.0)

11l 98 (45.8)
R-ISS

| 52 (24.3)

[ 90 (42.1)

11l 58 (27.1)

Unknown 4 (6.5)

BM involvement patterns

Normal 40 (18.7)
Focal infiltration 68 (31.8)
Diffuse infiltration 40 (18.7)
Combined focal and diffuse infiltration 52 (24.3)
Salt-and-pepper 4(6.5)
First-line treatment

VTD 127 (59.3)
VMP 65 (30.4)
Others 22 (10.3)
ASCT 66 (30.8)
Relapse 98 (45.8)
Death 66 (30.8)

Values are presented as number only, median (range), or number (%).
LDH, lactate dehydrogenase; BM, bone marrow; CA, chromosomal
abnormalities; iFISH, interphase fluorescence in situ hybridization; ISS,
International Staging System; R-ISS, revised International Staging System;

VTD, bortezomib, thalidomide, and dexamethasone; VMP, bortezomib,
melphalan and prednisone; ASCT, autologous stem-cell transplantation.
FHigh-risk cytogenetics: t(4;14), t(14;16), or del(17q).

1.372-3.032; p < 0.001). In the multivariate analysis of OS, young-
er age (< 65 years), ISS I, and R-ISS I were significantly associated
with better survival (younger age: HR, 1.595; 95% CI, 1.043~
2.440; p=0.031; ISSI: HR, 4.253; 95% CI, 2.198-8.001;
p<0.001; and R-ISS I: HR, 3.010; 95% CI, 1.429-7.712;
p=0.002). Focal, diffuse, and combined MRI patterns were factors
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Fig. 2. Kaplan-Meier curves according to the spine magnetic
resonance imaging patterns. Patients show various prognoses
in terms of (A) progression-free survival (PFS) and (B) overall
survival (0S).

associated with poor prognosis in terms of OS (HR, 2.010; 95%
CI,1.216-3.322; p=0.006) (Table 3).

Discussion

Osteolytic bone lesions are a hallmark of MM and key factors in
the revised IMWG diagnostic criteria [8]. Up to 80% of patients
present with bone lesions at the time of diagnosis, and patients
with osteolytic bone lesions have an increased risk of skeleton-re-
lated events associated with high morbidity and mortality [17].
Myeloma-related bone disease occurs due to an unbalanced
bone-remodeling process in which the interaction between myelo-
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Fig. 3. Kaplan-Meier curves according to the spine magnetic resonance imaging patterns. Patients with normal and “salt-and-pepper”
patterns show significantly superior (A) progression-free survival (PFS) and (B) overall survival (0S).

Table 2. Association between clinical features and spine magnetic resonance imaging patterns

Variable Normal, “salt-and-pepper” (n=54) Focal, diffuse, combined (n = 160) p-value
Age 61.6 (45-83) 66.8 (37-87) 0.001
Sex >0.999
Male 22 (40.7) 66 (41.3)
Female 32(59.3) 94 (58.8)
ISS <0.001
| 34 (63.0) 20 (12.5)
Il 12 (22.2) 50 (31.3)
11l 8 (14.8) 90 (56.3)
R-ISS <0.001
| 32(59.3) 20 (12.5)
Il 20 (37.0) 84 (52.5)
11l 2(3.7) 56 (35.0)
ASCT 0.003
No 28 (51.9) 120 (75.0)
Yes 26 (48.1) 40 (25.0)
Relapse 0.014
No 32 (59.3) 62 (38.8)
Yes 22 (40.7) 98 (61.3)
Death 0.001
No 48 (88.9) 100 (62.5)
Yes 6(11.1) 60 (37.5)

Values are presented as median (range) or number (%). Percentages may not total 100% due to rounding.
ISS, International Staging System; R-ISS, revised International Staging System; ASCT, autologous stem-cell transplantation.

ma cells and the bone microenvironment leads to the activation of
osteoclasts and suppression of osteoblasts, resulting in bone loss
[18]. Receptor activator of nuclear factor kappa-B (RANK)/
RANK ligand/ osteoprotegerin, Notch, Wnt, and numerous chemo-
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kines and interleukins are implicated in these complex intracellular
or intercellular signaling cascades [19,20]. However, little research
has been conducted on the association between specific MRI pat-
terns in patients with MM and clinical outcomes. In this study, we
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Fig. 4. Kaplan-Meier curves according to the spine magnetic resonance imaging patterns and autologous stem-cell transplantation (ASCT).
In the focal, diffuse, and combined infiltration patterns, patients who underwent ASCT have superior (A) progression-free survival (PFS)

and (B) overall survival (0S).

Table 3. Factors affecting long-term clinical outcomes

Progression-free survival

Overall survival

Variable Univariate Multivariate Univariate Multivariate
HR (95% Cl)  p-value HR (95% Cl)  p-value HR (95% Cl)  p-value HR (95% Cl)  p-value

Age (yr), >65 vs. <65 1.232 0.325 1.566 0.039 1.195 0.045
(0.814-1.863) (1.021-2.403) (1.012-3.659)

Sex, male vs. female 0.993 0.973 0.954 0.851
(0.666-1.480) (0.585-1.678)

LDH, elevated vs. normal 2.310 0.001 3.278 <0.001 3.224 0.001 3.690 <0.001
(1.090-2.870) (1.601-3.546) (1.383-3.786) (1.469-3.509)

Serum Cr (mg/dL), =2 vs.<2 1.751 0.452 1.127 0.259
(0.753-2.890) (0.814-2.140)

BM plasma cell, 2600% vs.<60% 1.805 0.421 0.694 0.487
(0.251-3.152) (0.223-2.043)

EM plasmacytoma, yes vs. none 0.463 0.643 0.733 0.464
(0.251-2.352) (0.451-5.744)

High-risk cytogenetics”, yes vs. none 3.089 0.002 2.997 0.003 3.797 <0.001 3.791 <0.001
(1.277-2.986) (1.281-3.262) (1.493-3.510) (1.781-3.961)

ISS, 11 &Il vs. | 3.017 <0.001 2.903 <0.001 4.278 <0.001 4.253 <0.001
(1.573-5.728) (1.976-4.135) (2.156-8.292) (2.198-8.001)

R-ISS, 11 &l vs. | 2.058 0.002 1.329 0.032 3.647 0.001 3.010 0.002
(1.141-4.392) (1.013-4.493) (1.979-7.345) (1.429-7.712)

Focal, diffuse, combined vs. normal, 1.954 0.001 2.176 <0.001 2.076 0.004 2.010 0.006

“salt-and-pepper"”

(1.297-2.944)

(1.118-3.962)

(1.248-3.453)

(1.216-3.322)

HR, hazard ratio; Cl, confidence interval; LDH, lactate dehydrogenase; Cr, creatinine; BM, bone marrow; EM, extramedullary; ISS, International Staging

System; R-ISS, revised International Staging System.
PHigh-risk cytogenetics: t(4;14), t(14;16), or del(17q).

classified the spine MRI patterns of patients newly diagnosed with
MM into five categories (normal, focal, diffuse, combined, and
“salt-and-pepper” patterns) based on previous studies [9,21].
Some previous studies have already suggested that patients with fo-

cal and diffuse MRI patterns have inferior clinical outcomes com-
pared with those with normal or “salt-and-pepper” patterns
[13,22]. In the current study, the focal, diffuse, and combined pat-
terns were significantly associated with older age, advanced disease
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status, and higher rates of relapse and death. Patients with normal
and “salt-and-pepper” MRI patterns were younger, and the majori-
ty had alower disease status in ISS and R-ISS staging.

Generally, X-rays are used to detect bone lesions in patients with
newly diagnosed MM. However, plain radiographs have several
limitations such as poor quality visualization, low sensitivity, and
observer-dependent analysis [23]. Computed tomography (CT)
is one of the most commonly used tools for evaluating bone le-
sions and disease status, with high accuracy. Positron emission to-
mography and CT (PET-CT) scans are also crucial for the detec-
tion of bone lesions in the diagnosis of MM [24 ]. However, the su-
periority of clinical use of each modality remains controversial.
MRI is regarded as the most sensitive tool for identifying the de-
tailed bone marrow infiltration status [25]. Moreover, Baur-Mel-
nyk et al. [26] demonstrated that whole-body multidetector CT
showed a significantly lower detection rate and staging than MRI
in patients with MM. In addition, the disease status of MM is
mainly based on scoring staging systems such as ISS and R-ISS.
The presence of the cytogenetic abnormalities t(4;14), t(14;16),
del17p, and add1q21 are known to be associated with poor out-
comes [13,22]. Several studies have also suggested an association
between cytogenetic abnormalities and MRI patterns of marrow
infiltration. Moulopoulos et al. [27] reported that diffused MRI
patterns showed a higher incidence of high-risk cytogenetic fea-
tures, including del17p, add1q21, and del13q, than focal or normal
MRI patterns. Moreover, patients with diffuse MRI patterns have
adverse myeloma features and increased microvessel density in
their trephine biopsies [ 12]. These results are in accordance with
the findings of Hillengass et al. [28], where the presence of 121,
dell7p, and dell3q significantly correlated with at least one abnor-
mal finding in bone marrow dynamic contrast-enhanced MRI. In
addition, these chromosomal abnormalities can trigger an angio-
genic cascade in MM.

High-dose chemotherapy with hematopoietic stem-cell rescue
remains the standard of care for transplant-eligible MM patients
[29,30]. ASCT is associated with significantly improved PFS and
0S [30,31]. However, some cases of recurrence of MM after
ASCT have been found in young and low-risk patients in current
clinical practice. In contrast, some older patients with high ISS and
R-ISS stages who had not undergone ASCT were cured without
relapse. Considering transplantation-related mortalities and
emerging effective novel agents, performing ASCT in all trans-
plant-eligible patients may not be appropriate. However, the eligi-
bility for ASCT was evaluated through a risk-benefit assessment,
including age, comorbidities, and general condition. There are no
impactive international guidelines for assessing the progress of
ASCT. Imaging can visually provide identifiable information in pa-
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tients with malignant disease, such as interim PET-CT in malig-
nant lymphoma, and this can change the paradigm of the treat-
ment strategy. Therefore, further research on spine MRI in MM
patients should be performed, including interim MRI, regular fol-
low-up MRI, and MRI at the time of diagnosis, to identify the role
of MRI as a key factor for establishing a treatment strategy, such as
ASCT.

While the present study showed promising results of spine
MRI to predict outcomes in newly diagnosed patients, our data
should be interpreted cautiously due to certain limitations. First,
spine MRI was mainly evaluated rather than whole-body imag-
ing in this study. Second, we could not compare other imaging
modalities to MRI in the current analysis. Finally, this study in-
cluded a diverse patient population and was retrospectively ana-
lyzed.

In conclusion, the focal, diffuse, and combined patterns of pa-
tients newly diagnosed with MM were significantly associated
with older age, advanced disease status, and higher rates of re-
lapse and death, whereas patients with normal and “salt-and-pep-
per” patterns showed relatively better clinical outcomes. Al-
though data on follow-up MRI and its clinical significance have
not been evaluated, spine MRI can play a role in assessing treat-
ment responses. Performing follow-up spine MRI may help clini-
cians clarify treatment responses and reestablish appropriate

treatment plans.

Supplementary materials

Supplementary Figs. 1 to 3 can be found via https://doi.org/10.
12701 /jyms.2021.01648.
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