Journal of Cancer 2019, Vol. 10 4852

g0y [VYSPRING

vgﬁ INTERNATIONAL PUBLISHER

Journal of Cancer

2019; 10(20): 4852-4859. doi: 10.7150/jca.31357
Research Paper

|dentification of High Serum Apolipoprotein Al as a
Favorable Prognostic Indicator in Patients with Multiple
Myeloma

Lifan Liang], Jing Lil, Hangcheng Fu?, Xinyang Liul, Peng Liul"

1. Department of Hematology, Zhongshan Hospital, Fudan University, Shanghai, China
2. Fudan University Shanghai Cancer Center, Shanghai, China

P4 Corresponding author: Department of Hematology, Zhongshan Hospital, Fudan University, 180 Fenglin Road, Shanghai 200032, China. Email address:
liu.peng@zs-hospital.sh.cn (P. Liu)

© The author(s). This is an open access article distributed under the terms of the Creative Commons Attribution License (https:/ /creativecommons.org/licenses/by/4.0/).
See http:/ /ivyspring.com/terms for full terms and conditions.

Received: 2018.11.08; Accepted: 2019.08.14; Published: 2019.08.27

Abstract

This study is to explore the prognostic significance of serum lipid profiles in patients with multiple
myeloma (MM). The study retrospectively enrolled 307 MM patients in Zhongshan Hospital, Shanghai,
China, from 2007 to 2016. We evaluated the prognostic significance of the pre-diagnostic serum lipid
profile [cholesterol, triglyceride, low-density lipoprotein (LDL), high-density lipoprotein (HDL),
Apolipoprotein Al (Apo Al) and Apolipoprotein B (Apo B)]. Prognostic factors identified through
univariate and multivariate analysis were used to construct a new model based on Lasso Cox regression.
Results indicated that lipid levels showed significant difference between ISS stages: Apo Al, Apo B,
Cholesterol and LDL levels were lower in late ISS stage. However, only Apo Al showed statistically
significance in overall survival (OS), progression free survival (PFS) and cause specific survival (CSS)
(P=0.038, P=0.028, P=0.011) in univariate Cox regression. Patients with higher Apo Al displayed longer
OS (median OS, 67 months vs. 30 months; P<0.001). Also, Apo Al was revealed to be an independent
prognostic indicator through multivariate analysis. Combining the Apo Al level, Zhongshan Score model
was constructed with Lasso regression for prognosis prediction. This model exhibited higher accuracy
than International Staging System (ISS) and Durie and Salmon (DS) system. In conclusion, among all the
serum lipid profiles, serum Apo Al is a powerful prognostic indicator for patients with MM.
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Introduction

Multiple myeloma (MM) is a plasma cell disease
with great heterogeneity, with the survival time
ranging from several months to more than 10 years
[1]. Despite the advent of more effective therapies and
improvements in supportive care, which has led to an
increased median survival to 6 years, this variety of
prognosis still exists [2].

Several prognostic evaluation systems have been
applied in clinical work. In 1975, Durie and Salmon
(DS) system was introduced [3]. However, the
quantitation of lytic bone lesion in this system is
observer-dependent, and thus decreased its precision.
In 2005, the International Staging System (ISS)
provided clinical practitioners with a simple risk

stratification algorithm, and thus was widely used in
clinical practicing [4]. Revised ISS (R-ISS), combining
the cytogenetic abnormality and serum lactate
dehydrogenase (LDH) level with the ISS system,
turned out to be more accurate in prediction [5].
However, the R-ISS requires cytogenetic analysis,
such as fluorescence in situ hybridization (FISH),
which is a big burden for health care system in some
underdeveloped area. Exploring new prognostic
factors is still a necessity for MM management. With a
deeper understanding of prognostic factors, we can
identify high risk patient group, estimate treatment
response, and provide tailored therapy.
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Deregulation of lipid metabolism is one of the
characteristics of cancer cell, and it is considered as a
therapeutic target for cancer [6]. Lipid metabolism
have long been investigated in myeloma patients and
the studies have shown that abnormal lipid level was
seen in the patients with MM, compared with those in
healthy controls[7, 8]. Moreover, statins, an
HMG-CoA reductase inhibitor used in treating
hyperlipidemia, were found to have anti-myeloma
effect both in vivo and in vitro studies, probably by
increasing the susceptibility of apoptosis in myeloma
cells through multiple pathways [9-11]. Several
studies showed that statins were associated with
reduced mortality in MM, and also they might
increase sensitivity and decrease drug resistance to
therapy in relapsed and refractory myeloma [11-14].
The evidence of the correlation between lipid and
myeloma inspired us to carry out a more detailed
study in the lipid profile in myeloma patients.

Apolipoprotein Al (Apo Al), an essential part in
high density lipoprotein (HDL), was proved to have
additional function besides lipid metabolism [15]. A
population-based prospective cohort study by Signe
Borgquist et al. reported that circulating levels of
apolipoprotein (Apo Al and Apo B) were associated
with overall cancer risk in men and with breast, lung
and colorectal cancer in both genders. Moreover, Apo
A1l level was found to be inversely associated with
lung cancer risk [16]. Other studies in solid tumors
such as colon cancer, breast cancer, ovarian cancer,
small cell lung cancer and nasopharyngeal cancer,
also reported that higher Apo Al level might be a
potential factor to predict better outcome[17-20].
However, no study has ever focused on the
connection between lipid profiles and MM prognosis.
Given the significance of metabolism chaos in MM
patients, investigating the prognosis value of lipid
profiles might not only aid clinical decision but also
help to have deeper recognition of tumorigenesis of
MM. Therefore, this study is to evaluate the prognosis
value of serum lipid profiles in patients with MM.

Patients and Methods

Patient Selection

This was a retrospective study, approved by the
Clinical Research Ethics Committee of Fudan
University affiliated Zhongshan Hospital. From 2007
to 2016, the recorded cases of diagnosed MM in
Zhongshan Hospital were 361. Exclusion criteria were
listed as following: (a). Patients diagnosed with
Monoclonal ~ gammopathy of  undetermined
significance, smoldering multiple myeloma, primary
amyloidosis or POEMS syndrome and solitary
extramedullary plasmacytoma; (b). Patients with a

prior chemotherapy treatment in other clinical
centers; (c). Patients died or lost follow-up within one
month; (d). Unavailable lipid profile data. A total
number of 307 patients were included for final
analysis, all patients met the diagnostic criteria of MM
[21]. Ten patients were excluded for non-newly
diagnosed MM with a prior treatment in other clinical
centers. Twenty patients were excluded for absence of
lipid profile. Twenty-three patients died or lost
follow-up in the first month after diagnosis. One
patient was diagnosed as solitary extramedullary
plasmacytoma. Baseline data were collected after the
date of diagnosis and before the initiation of
treatment, including laboratory parameters such as
monoclonal  immunoglobulin  isotypes  and
concentration, serum lipid profile, serum calcium,
serum creatinine (SCr), serum [32-microglobulin
(B2MG), serum lactate dehydrogenase (LDH),
albumin, globulin and hemoglobin. Serum Apolipo-
protein were assayed by immunoturbidimetry with
Dyasys kit, and other lipid profiles such as cholesterol
and triglyceride were assayed by colorimetry with
Roche’s kit. Blood sample for lipid analysis was taken
after strict fasting for at least 6 hours. Due to the
limitation of techniques in our hospital and the
related medical health insurance policy during the
time period in our data, only 96 patients had
undertaken FISH analysis and 123 patients had the
record of free light chain (FLC) level. Data of FISH
and FLC was collected in our study but not analyzed
due to the incompleteness of data. Other information
such as age, gender, isotypes, DS stage, ISS stage, date
of diagnosis, and date of progression, date of death or
last follow-up, and treatment strategy were also
collected.

The follow-up period ended in April 2017. The
median follow-up time is 15 months (from 1 month to
102 months). At the time of analysis, 100 patients died,
and 43 patients lost follow-up. The primary endpoint
was OS, defined as the time from the date of diagnosis
to the most recent follow-up or the date of death. The
second end point was progression free survival (PFS)
which is defined as the time from the date of
diagnosis to the date of most recent follow-up or the
date of disease progression per International
Myeloma Working Group consensus criteria (see
supplement document) [22]. Cause specific survival
(CSS) was defined as the time from the date of
diagnosis to the most recent follow-up or the date of
death caused by myeloma.

Statistical Analysis

The One-way ANOVA and student t-test of lipid
profiles in different ISS stage was performed using
GraphPad Prism (version 5.01 for Windows,
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GraphPad Software, San Diego California USA,
www.graphpad.com). The univariate and
multivariate of Cox regression analysis, the
correlation analysis and the Kaplan Meier survival
curve were performed with MedCalc software
(version 12.7.0.0 for Windows, Medcalc software,
www.medcalc.org). Smooth HR, Lasso Cox regression
and time-dependent Receiver operating characteristic
(ROC) were performed by R software packages,
version 3.4.1 (The R foundation for Statistical
Computing, www.-rproject.org). The coefficients and
partial likelihood deviance were calculated with
“glmnet” package in R. We also assessed the
prognostic accuracy of the new models by Harell
concordance index (C-index) and Akaike information
criterion (AIC), which was performed by Stata 12.0
(StataCorp, College Station, TX). Two-sided P values
less than 0.05 was regarded as statistically significant.

Results

Serum Lipid Profile Analysis in Different ISS
Stages
Baseline information was listed in Table S1. The

correlation between serum lipid profiles and ISS
stages were compared in Figure 1. Serum Cholesterol,

LDL, HDL, Apo Al, Apo Bl showed significance in
ANOVA analysis (P<0.001, P<0.001, P=0.002, P<0.001
and P<0.001, respectively). Serum Apo Al showed
both significant difference in stage I vs. stage Il and
stage II wvs. stage III (P=0.007 and P=0.002,
respectively).

Apo Al Identified as an Independent
Prognostic Factor through Survival Analysis

When further exploring the prognostic role of
lipid profile, only continuous Apo Al level was
significant correlated to OS in univariate Cox
regression (hazard ratio (HR): 0.444, 95% confidence
interval (95% CI): 0.207-0.954, P=0.038). Apo Al level
was also significantly correlated with PFS and CSS
(HR: 0484 and 0.344, 95% CI: 0.255-0.922 and
0.152-0.779, P=0.028 and P=0.011, respectively). To
evaluate the prognostic value of Apo Al as a linear
variable, we performed smooth HR analysis of OS,
PFS and CSS (Figure 2A-2C). We chose 0.9g/L as the
cutoff point to dichotomize Apo Al as shown in
Figure 2. As the results exhibited, HR was decreased
in OS, PFS and CCS as the Apo Al level was
increasing.
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Figure 1. Lipid Profiles in Different International Staging System (ISS) Stages in One-way ANOVA Analysis. [A],

ISS Stage
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ISS Stage
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Apolipoprotein Al (Apo Al); [B],

Apolipoprotein B (Apo B); [C], Cholesterol; [D], High density lipoprotein (HDL); [E], Low density lipoprotein (LDL); [F], Triglyceride.
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Figure 2. Smooth HR Analysis and Kaplan Meier Survival Analysis of Apolipoprotein Al (Apo Al). Smooth HR analysis of Apo Al in overall survival (OS) [A],
progression free survival (PFS) [B], cause specific survival (CSS) [C] showed that HR was decreasing as Apo Al was increasing; Kaplan Meier survival analysis between group of

Apo Al =0.9g/L and Apo Al >0.9 g/L showed significant difference in OS [D], PFS [E] and CSS [F].

Association of Serum Apo Al with
Clinicopathological Characteristics and
Patient Survival

After dichotomized our cohort into high Apo Al
subgroup and low Apo Al subgroup, we first
correlated the clinical characteristics to Apo Al level
as shown in Table 1. The Apo Al level was correlated
with gender (P=0.008), ISS stage (P<0.001), p2MG
(P<0.001), albumin (P<0.001), hemoglobin (P<0.001),
and SCr (P=0.015). Also, we compared the OS, PFS
and CSS between lower Apo Al group and higher
Apo Al group with Kaplan-Meier survival analysis
(Figure 2D-2F). The median OS, PFS, and CCS in
lower Apo Al group and higher Apo Al group were:
30 months vs. 64 months, 22 months vs. 33 months,
and 31 months vs. 84 months respectively. The
patients with higher Apo Al showed longer OS rate
(P<0.001), and the PFS and CSS showed consistent
results (P<0.001 and P<0.001).

Univariate and Multivariate Cox Proportional
Hazard Analysis

In order to assess whether Apo Al level was an
independent prognostic factor, we performed the
univariate and multivariate analysis of OS, PFS, and
CSS. Other parameters available in our database also

underwent univariate analysis. Clinical factors
identified as statistically significant by univariate Cox
regression analysis (Table S2) were included in the
multivariate analysis (Table 2). Apo Al level was
identified as an independent prognostic factor in OS,
PFS and CSS (P=0.020, P=0.028, and P=0.015
respectively), so was LDH (P<0.001, P=0.001 and
P<0.001 respectively). 2MG was demonstrated as an
independent factor only in OS and PFS (P=0.040 and
P=0.014 respectively).

Construction of a Prognostic Model for MM
with Lasso Regression

We used Lasso Cox regression to select potential
prognostic markers for OS, based on the result of
univariate and multivariate analysis, and five
parameters: Apo Al, SCr, hemoglobin, f2MG and
LDH were included in the Lasso Cox regression
model to determine the ideal coefficient for each
potential prognostic marker. With the Lasso model,
the coefficients for each factor were calculated when
log(A\)=-4.3 and A=0.014, with a partial likelihood
deviance of 11.0 (Figure 3A-B). The coefficients for
each parameter were as following: 0.42 for Apo
A1<09g/L, 0.15 for hemoglobin<10g/dL, 0.57 for
B2MG>3.5mg/L, and 0.82 for LDH above normal.
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According to the coefficients, a scoring index was
derived from this model, named as Zhongshan Score,
as shown in Figure 3C. The highest score was 10
points and the lowest was 0 points. We defined that
the range of 0 to 2 points were considered as low risk,
the range of 3 to 5 points were considered median
risk, and total points over 6 were regarded as high
risk. The OS, PFS and CSS survival curves were
shown in Figure 3D-3F. Patients in high risk groups
showed significantly worse OS when compared with
other groups, with the median survival time as 87, 47,
28 months in the low, median and high risk groups
respectively (P<0.001). The survival curve of PFS and
CSS in these three groups showed consistent results
(P<0.001, and P<0.001 respectively).

Table 1. Correlation between Serum Apo Al Level and Patient
Characteristics

4856
Variables Apo A1<0.9g/L (%) Apo A1>09g/L (%) P
Albumin, g/dL <0.001
<35 85 (45.9) 100 (54.1)
235 26 (21.3) 96 (78.7)
B2-MG, mg/L <0.001
<35 19 (20.0) 76 (80.0)
35 92 (43.4) 120 (56.6)
LDH, mmol/L 0.916
Normal 83 (35.8) 149 (64.2)
High 28 (37.3) 47 (62.7)
Hemoglobin, g/dL <0.001
<10 87 (50.0) 87 (50.0)
210 24 (17.6) 109 (82.4)
SCr, mg/dL 0.019
<2 81 (32.8) 166 (67.2)
2 30 (50.0) 30 (50.0)
Ca, mg/dL
<10 81(33.9) 158 (66.1) 0.160
>10 30 (44.1) 38 (55.9)

Variables Apo A1<0.9g/L (%) Apo A1>0.9g/L (%) P
Age 0.924
<65 75 (36.6) 130 (63.4)

>65 36 (35.3) 66 (64.7)

Gender 0.008
Female 30 (26.3) 84 (73.7)

Male 81 (42.0) 112 (58.0)

Isotype* 0.106
IgG 55 (36.2) 97 (63.8)

IgA 37 (43.5) 48 (56.5)

IgD 4 (50.0) 4 (50.0)

Light chain 11 (22.4) 38 (77.6)

No secretary 3 (25.0) 9 (75.0)

ISS Stage <0.001
I 10 (16.9) 49 (83.1)

il 32 (31.7) 69 (68.3)

111 69 (46.9) 78 (53.1)

Abbreviation: ISS, International Staging System; Apo A1, apolipoprotein A1l; LDH,
lactate dehydrogenase; B2MG, 2 microglobulin; SCr, serum creatinine.
*Isotype: only one case in biclonal isotype, as seen in supplement materials

We compared the new model with the ISS and
DS staging system with time dependent estimating
ROC curve, C-index and AIC to evaluate the
prognostic accuracy (Figure 3G-3I). The estimated
AUC of five-year OS of Zhongshan Score showed
statistical significance when compared with ISS and
DS staging system (P=0.009 and P<0.001 respectively).
The detailed results of AUC were listed in Table S3.
The Zhongshan Score also showed higher C-index
and lower AIC in OS, PFS, and CSS analysis, which
might be indicating higher accuracy in predicting the
outcomes than those with DS system and ISS system.

Table 2. Multivariate Cox Regression Analysis of Overall Survival, Progression Free Survival and cause specific survival

Variables OS PFS CSS
HR(95%CI) r HR(95%CI) r HR(95%CTI) P
Apo Al g/l
<0.9 Reference Reference Reference
>0.9 0.609(0.403-0.922) 0.020 0.668(0.467-0.956) 0.028 0.585(0.381-0.899) 0.015
B2-MG, mg/l
<35 Reference Reference Reference
23.5 1.771(1.030-3.047) 0.040 1.704(1.118-2.600) 0.014 1.637(0.933-2.871) 0.087
LDH
Normal Reference Reference Reference
High 2.385(1.509-3.769) <0.001 1.938(1.306-2.875) 0.001 2.551(1.604-4.057) <0.001
Scr, mg/dl
<2 Reference Reference
>2 0.955(0.572-1.595) 0.860 1.098(0.652-1.849) 0.726
Hb, g/dl
<10 Reference Reference Reference
210 0.774(0.484-1.236) 0.286 0.946(0.641-1.396) 0.779 0.741(0.451-1.216) 0.238
Isotype
IgG Reference
IgA 1.464(0.914-2.345) 0.114
IgD 1.308(0.461-3.717) 0.616
Light chain 1.659(0.932-2.853) 0.087
Non-secretary 2.360(0.709-7.850) 0.164
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Figure 3. Construction of a New Prognostic Model Zhongshan Score Based on Lasso Cox Regression and Evaluation of the Model. [A], Lasso Cox regression
of the 5 selected parameters. A dashed vertical line was drawn at the value when A=0.014; [B], Partial likelihood deviance for the Lasso regression. The light dashed vertical line
stood for the minimum partial likelihood deviance. The bold dashed vertical line stood for the partial likelihood deviance when A=0.014; [C], The Zhongshan Score (ZS) with
detailed parameters, points and stratification. Kaplan Meier survival analysis of ZS risk stratification of OS [D], PFS [E] and CSS [F] showed significant difference. ROC curves and
C- index analysis of ZS, ISS, and DS for OS [G], PFS [H] and CSS [I]. The value of AUC, C- index and AIC were included in the figure.

Discussion

Few studies had focused on the relationship
between lipid metabolism and prognosis of MM. In
this study, we analyzed the pan lipid profile in
different ISS stages, and identified that Apo Al was
an independent prognostic factor through both
univariate and multivariate analysis. A higher Apo
A1 level could imply longer OS, PFS and CCS. After
that, we incorporated several parameters that have
been identified by previous prognostic studies [3, 4],
and constructed a new model called Zhongshan
Score. This new system included four parameters:

Apo Al, hemoglobin, f2MG and LDH. According to
the scoring system, patients were classified into 3 risk
groups, with a significant difference in OS, PFS and
CSS. We also tested the model with time dependent
ROC curve and C-index, of which the results
indicated that Zhongshan Score had improved
prognostic value when compared with other staging
systems in our analysis. The Zhongshan Score had
several advantages that the parameters were more
easily available, and observer- independent.

The following question emerged after we came
to the result of the analysis as above: why are Apo Al
capable of predicting the outcome of MM patients?
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Apo Al, a major protein component of HDL, has long
been identified as an important part in lipid
metabolism to bring lipid back to liver, and thus it has
been regarded to have cardiovascular protective effect
[23]. In recent years several studies have indicated
that Apo Al can do more than cardiovascular
protection. In a prospective investigation, the
concentrations of HDL and Apo Al were inversely
associated with the risk of colon cancer [17]. Such
correlation has also been reported in lung cancer,
breast cancer and nasopharyngeal cancer [24]. A
proteomic analysis has identified 22 proteins in
myeloma patients that have a different level of
expression from healthy controls, among which Apo
Al was found down regulated in myeloma patients
[25], while the exact mechanism under these
phenomenon was still unknown. An experiment by
Maryam et al. has indicated that Apo Al might have
potent anti-tumorigenic effects on melanoma cells
through several different mechanisms: increase CD8 T
cell expression, increase anti-tumor macrophages,
decrease angiogenesis, inhibit tumor growth, and
reduce tumor invasion and metastasis [15].
Furthermore, the anti-tumorigenic effect of Apo Al
could be associated with ATP-binding cassette
transporter A1l (ABCA1) and ATP binding cassette
transporter G1 (ABCGL1), since Apo Al is an acceptor
of  cholesterol at the  first step  of
ABCA1/ABCGl-mediated HDL generation [26].
Several studies have mentioned that, ABCA1, a major
cellular cholesterol efflux transporter, might be
involved in the pathogenesis of cancer [27]. One study
pointed out that ABCA1 down regulation was evident
in prostate cancer due to promoter hypermethylation,
leading to high intracellular cholesterol levels and an
environment conductive to tumor progression [28].
However, some studies revealed that ABCA1/ ABCG1
had different role in tumor progression involving
macrophage  polarization [29]. One  study
demonstrated that the absence of ABCGI1 inhibited
tumor growth through phenotypic shift of the
macrophages from a tumor-promoting M2 to a
tumor-fighting M1 within the tumor [30]. In the
mouse model of ovarian cancer and breast cancer
model, Apo Al mimetic peptide significantly
inhibited the development of tumors [31, 32].
However, no study of relation between Apo Al and
multiple myeloma was done. From these studies, we
hypothesize that increasing serum Apo Al level could
also be a potential strategy for myeloma treatment. In
conclusion, Apo Al has several roles on different
aspects of tumor progression and might inhibit tumor
growth by downstream ABCA1/ABCG1 activation.
Further studies are needed to discover the underlying

mechanism of Apo A1-ABCA1/ABCGI1-HDL axis on
tumor progression.

Still no study had explored the role of Apo Al in
MM and thus further studies are needed to clarify the
function of Apo Al in myeloma. Besides, Apo Al has
a serum residence time of 4 days [33], and it could be
influenced by several host characteristics, such as
gender, nutrition status, liver metabolic function,
insulin resistance, and previous medication history at
the time of diagnosis [34]. Apart from the potential
anti-tumor effect, it could be a reflection of the overall
health status of the patient.

Limitations of our study include the small
number of cases and the single center database, which
has made the survival curves unstable. The
Zhongshan Score model needs to be validated by a
multi-center investigation with a larger number of
patients. We also had limited access to data on some
prognostic markers such as FLC and cytogenetic
analysis, which were presented in the article but not
included in analysis due to poor data integrity.
Further studies should be done to improve and
validate the new prognostic model.

In conclusion, this is the first study identifying
the prognostic value of whole lipid profile in MM.
Apo Al, a novel prognosis indicator, was
incorporated into Zhongshan Score, to further predict
the clinical outcome of patients with MM. The
findings have important implications for personalized
follow-up after chemotherapy regimens and deeper
understanding of the metabolic pathophysiology of
MM.
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