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Association of CD117 and HLA-DR expression with shorter
overall survival and/or progression-free survival in patients
with multiple myeloma treated with bortezomib and
thalidomide combination treatment without transplantation
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Abstract. Certain immunophenotypes in multiple myeloma
(MM), including CD56 and CD117, have been reported to
be associated with overall survival (OS). However, previous
reports have ignored the impact of different treatment regimens
and the long-term prognostic value of immunophenotyping
in MM when treated with novel agents, including thalido-
mide and bortezomib, in the absence of transplantation for
autologous stem cell transplantation and allo-hematopoietic
stem cell transplantation. To further understand the long-term
prognostic value of immunophenotyping in MM, when treated
with bortezomib combined with thalidomide-based regimens
without transplantation, 80 patients who were newly diagnosed
between January 2007 and December 2015, were analyzed
retrospectively. In contrast to previous studies, no significant
survival time difference was observed between CD56+/CD117+
and CD56-/CD117- groups. Multivariate analysis suggested
that human leukocyte antigen-antigen D-related (HLA-DR)+
was independently associated with shorter OS and progres-
sion-free survival (PFS), while CD117+ was an independent
prognostic factor for decreased PFS. In addition, the myeloma
prognostic index (MPI), defined by HLA-DR+, age =65 years
and international staging system stage I1I, was suitable for risk
stratification of patients treated with novel agents for OS and
PFS. The results of the current study suggested that HLA-DR+
patients had a shorter OS and PFS and CDI117+ patients had
shorter PFS. HLA-DR+ or CD117+ was sufficient to affect
survival. Evaluating these markers may reveal valuable
prognostic factors for MM in patients receiving bortezomib
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combined with thalidomide-based regimens without autolo-
gous stem cell transplantation and allo-hematopoietic stem
cell transplantation). MPI may describe an accessible tool to
predict the prognosis of patients with MM.

Introduction

Multiple myeloma (MM) is an aggressive hematologic malig-
nancy, which has short overall survival time (OS) despite
treatment with immunoregulatory drugs (IMiDs) and protea-
some inhibitors, including bortezomib (1). It accounts for 1%
of all malignant diseases and for slightly more than 10% of all
hematologic cancers (2). The mean age of affected individuals
is 72 years for men (75% >70 years) and 71 years for women
(79% >70 years) (3). In addition to genetic markers, there are
further prognostic factors, including lymphocyte counts and
C-reactive protein (CRP) expression level, which have been
evaluated in recent years (4,5). Immunophenotyping, including
the analysis of CD19, CD45, CD56 and CD117, is of great value
to the prognosis and diagnosis of MM according to recent
reports (6,7). Pan et al (8) observed that for patients with MM,
CD56+ was an independent prognostic factor for increased OS.
Ceran et al (9) suggested that CD56- and CD117- groups were
associated with advanced stages of MM. However, these results
are based on small sample sizes (50 cases and 34 cases) (8,9)
and short follow-up period (~6 years) (8) Importantly, bias
originating from different treatments was not accounted for,
particularly in patients that did not receive transplantations as
a result of financial status or by personal choice. Furthermore,
at present, to the best of our knowledge, HLA-DR has not
been studied in terms of patients with MM. The present study
retrospectively analyzed clinical parameters, including immu-
nophenotypes and prognosis, of 80 patients newly diagnosed
with MM that did not receive autologous stem cell transplanta-
tion and allo-hematopoietic stem cell transplantation and was
based on uniform combination treatment of bortezomib and
thalidomide between January 2007 and December 2015.

Patients and methods

Patients. A total of 80 newly diagnosed patients (46 males
and 34 females) with MM treated with a combination
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treatment including thalidomide between January 2007 and
December 2015 in Wuxi People's Hospital (Wuxi, China)
were analyzed retrospectively. Data were thought to be
related to MM when they were different from our reference
values. Our lab has its own reference values generated from
healthy patients who were examined in our hospital and
were considered as a control group Therefore, when patients
with MM have data outside these levels, this was taken
indicate MM. All patients had the full clinical information
(age =65 years, sex, ISS staging III, Complex Chromosome,
Hypertension, Diabetes, treatment regimens and survival data)
including laboratory parameters (albumin <35 g/l, calcium
>2.8 mmol/l, hemoglobin <100 g/1, lymphocyte counts
>1.3x10%1, lactate dehydrogenase >245 U/l, serum creatinine
concentrations >177 umol/l, C-reactive protein (CRP)
expression level >8 mg/l, Flow cytometry results, survival
data and immunoglobulin type of monoclonal protein) before
any therapy. Concurrence of autoimmune disease, human
immunodeficiency virus (HIV) and syphilis was excluded
for all enrolled individuals. Karyotypes detected were based
on traditional reverse-banding and/or G-banding techniques.
Demographic and clinical characteristics of the patients were
collected by reviewing medical charts and electronic records.
Diagnostic criteria and risk stratification of the disease were
based on the International Myeloma Working Group (IMWG)
criteria and International Staging System (ISS) (10,11).

Flow cytometry. Immunophenotype evaluation was performed
using a flow cytometer (FACS Canto; BD Biosciences,
San Jose, CA, USA). Analysis were performed, using the
FACS DIVA 6.1.3 software (BD Biosciences). All samples
were anticoagulated with EDTA tube and examined within
6 h. Approximately 100 ul of anticoagulated bone marrow
sample was labeled with pre-conjugated monoclonal
antibodies at 25°C for 20 min in the dark. Following incu-
bation, red blood cells were lysed and washed in PBS three
times. These regents were supplied by BD Biosciences. All
erythrocyte-lysed bone marrow (BM) samples obtained
prior to treatments were stained using the following 3-color
surface combinations (They were not as a kit and they were
combined by our laboratory supplied by BD Biosciences),
with fluorescein (FITC), phycoerythrin (PE) and peridinin
chlorophyll protein complex (PerCP): CD2/CD19/CD45,
CD3/CD56/CD45, CD4/CD8/CD45, CD5/CD7/CDA45, human
leukocyte antigen-antigen D-related (HLA-DR)/CD10/CD45,
CD20/CD117/CD45, CD22/CD14/CD45, CD3/CD13/CD45,
CD20/CD33/CD45 and CD38/CD34/CD45. Positivity was
defined as =20% antibody expression and negativity as <20%
expression. IgGl was stained with PE or with FITC as
isotope/negative control at 25°C for 15 min in the dark. Each
patient sample was divided into ten tubes to detect the various
immunophenotype combinations listed above. All positive
results from the same patient were recorded. MM are thought to
be CD38+. All samples were tested CD38+ (>20% expression).
Samples containing myeloid antigens, including CD13 and
CD33 in =1 tube, were recruited as myeloid antigens-positive.
All agents were provided by BD Biosciences. Cat. nos. IgGl,
349041; CD45, 652803; HLA-DR, 347363; CDI10, 340921;
CD20, 652808; CD117, 340129; CD22, 347573; CD4/CDS,
340039; CD14, 557742; CD38, 340909; CD34, 652802; CD13,
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652820; CD33, 347787, CD2, 555327; CD19, 557791; CD3,
557052; CD56, 556647; CDS5, 561896; CD7, 555360. (Dilution
with aqueous buffered solution containing <0.09% sodium
azide.)

Therapeutic regiments. All patients received thalidomide
(100-125 mg/day) daily as basic treatment. Bortezomib and
dexamethasone were additionally administered as induc-
tion and maintenance therapy. Treatment included a 3-week
cycle of 1.3 mg/m? bortezomib on days 1, 4, 8 and 11, with
20 mg dexamethasone on days 1,2, 4,5, 8,9 and 11,12 (12,13).
Bortezomib and dexamethasone were administered at the
same time. All patients received 1-3 cycles of induction therapy
followed by >2 cycles of maintenance therapy according to the
OS (Table I). Hematopoietic stem cell transplantation was not
performed as a result of financial status or by personal choice;
however, some patients did not qualified for transplantation.

Efficacy and follow-up. Efficacy was evaluated using the
response criteria for MM provided by the IMWG (14). OS was
measured from the date of diagnosis to the date of death or
the last follow-up in September 2017. Progression free survival
(PFS) was calculated from the date of diagnosis to the first
date of confirmed progression or death by any cause.

Statistical analysis. Differences among groups were analyzed
by Kruskal-Wallis and Mann-Whitney U test for continuous
parameters, and by Chi-square tests for categorical data. OS
and PFS were analyzed using Kaplan-Meier tests. Differences
between survival curves were assessed for statistical
significance using the two-tailed log-rank test. Potential risk
factors for OS and PFS were evaluated in univariate and
multivariate analyses using the Cox proportional hazards
regression model. Hazard ratios (HRs) were estimated with
95% confidence intervals for the survival analysis. A prognostic
index was designed using the variables that were the most
significant prognostic factors for the multivariate analysis. The
myeloma prognostic index (MPI) attributed 1 point for each
unfavorable factor. Risk categories were stratified into low
(score, 0), intermediate (score, 1) and high (score, 2-3). All data
were analyzed using SSPS (v21.0, IBM Corp., Armonk, NY,
USA) and P-values are two-sided. P<0.05 was considered to
indicate a statistically significant difference.

Results

Baseline characteristics of patients with MM. Baseline char-
acteristics of the 80 patients with MM, including age and ISS
staging are presented in Table II. All patients were positive for
CD38 and further immunophenotypes are presented in Figs. 1
and 2. All results were based on the flow cytometry measure-
ments. Data from different patients is presented in Fig. 2A-D
and data in Fig. 2A and E were obtained from the same patient.
IgG1 was stained with PE (Fig. 2A-D) or with FITC (Fig. 2E)
as isotope/negative control.

Univariate and multivariate analysis for OS and PFS.
According to the univariate analysis, age =65 years, ISS
stage III, CRP levels >8 mg/l, lactate dehydrogenase activity
>245 U/1,=3 abnormal (complex) chromosomes and HLA-DR+
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Table I. Total number of cycles that patients with multiple
myeloma and various immunophenotypes were administered
a combination treatment.

Treatment cycles

Groups [range (median)]  P-value
CD56+/CD117+ 3-8 (5.5) 0.873
CD56+/CD117- 1-8 (6.5)

or CD56-/CD117+

CD56-/CD117- 4-8 (6.5)

HLA-DR+ 1-8 (4.5) 0.753
HLA-DR- 2-8(5.5)
CD56+/HLA-DR+ 4-8 (6.5) 0.456
CD56+/HLA-DR- 1-8 (5.5)
CDI117+/HLA-DR+ 2-4 (3) 0.136
CD117+/HLA-DR- 4-8 (4)

CD13+ or CD33+/HLA-DR+ 2-4 (3) 0.071
CD13+ or CD33+/HLA-DR- 4-9 (5)

MPI score 0 4-10 (5) 0.514
MPI score 1 1-9 (4.5)

MPI score 2-3 1-8 (5)

Combination treatment described a 3-week cycle of 1.3 mg/m?
bortezomib on days 1, 4, 8 and 11, with 20 mg dexamethasone on
days 1, 2,4,5,8,9 and 11, 12 and 100-125 mg/day thalidomide.
Bortezomib and dexamethasone were administered at the same
time. MPI, myeloma prognostic index; HLA-DR, human leukocyte
antigen-antigen D-related.

Immunophenotypes

CD13
CD33
cD117
HLA-DR

CD56 n=56

I T L 1
0 20 40 60
Patient numbers

Figure 1. Number of patients with positive CD13, CD33, CD117, HLA-DR
and CD56 expression. HLA-DR, human leukocyte antigen-antigen D-related.

were associated with decreased OS, while CRP levels >8 mg/1,
complex chromosomes, diabetes, CD117+ and HLA-DR+
were associated with decreased PFS (Table III). In the multi-
variate analysis, HLA-DR+, ISS stage III and age =65 years
represented independent predictive factors for decreased OS
and HLA-DR+, CD117+ and diabetes were independently
correlated with decreased PFS based on the Cox proportional
hazard model (Table IV).

Comparison of the expression of immunophenotypes based
on 80 patients with MM. According to the expression of
CD56 and CD117, patients were divided into three groups:
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Characteristic Number or median (range)
Age, years 62 (24-80)
Sex

Male 46

Female 34
ISS stage

I-1I 40

I 40
Hemoglobin, g/ 88 (45-148)
Lymphocyte count, x10%/1 1.20 (0.16-3.95)
C-reactive protein, mg/l 5 (1-160)

Lactate dehydrogenase, U/l
Creatinine, gmol/l

Ca*, mmol/l

Albumin, g/

-2 microglobulin, mg/l

128.50 (50-1.221)
97.90 (30.30-760.90)
2.20 (1.38-5.35)
28.20 (11.70-44.10)
5.45 (1.50-81.88)

Isotope
IgA 24
IgG 38
Non-secrete isotype 2
Light chain only 13
Others 3
Plasma cell in bone marrow, % 27.75 (10.50-95)
Chromosome
<3 abnormal 66
>3 abnormal 14
Hypertension 30/50
Yes 30
No 50
Diabetes
Yes 17
No 63

ISS, international staging system.

CD56+/CD117+, CD56-/CD117- and CD56+/CDI117- or
CD56-/CD117+. No significant differences were observed.
(Table V). HLA-DR+ was closely associated with complex
chromosomes (Table VI) however there were no significant
differences among other factors (Table VI). OS and PFS
exhibited no significant differences among these groups.
(CD56+/CD117+, CD56-/CD117- and CD56+/CD117- or
CD56-/CDI117+) (Fig. 3A and B).

Analysis of OS and PFS in different immunophenotypes.
As presented in Fig. 4, the HLA-DR+ immunophenotype
exhibited an adverse prognosis compared with the HLA-DR-
immunophenotype for OS (12 vs. 48 months; P=0.002) and
PFS (9 vs. 33 months; P=0.008; Fig. 4A and B). CD13+
or CD33+/HLA-DR+ groups exhibited decreased OS
(2 vs. 80 months; P=0.008) and PFS (2 vs. 31 months;
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Figure 2. Flow cytometry data obtained from bone marrow samples. Expression of (A) CD13+, (B) CD33+, (C) CD56+, (D) CD117+ and (E) HLA-DR+.
IgG1 was stained by (A-D) PE or (E) FITC as isotope/negative control. PE, phycoerythrin; FITC, fluorescein; PerCP, peridinin chlorophyll protein complex;
HLA-DR, human leukocyte antigen-antigen D-related.
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Table III. Univariate analysis for overall survival and progression-free survival in patients with multiple myeloma.
A, Overall survival
Characteristic B Wald HR (95% CI) P-value
Age, =65 years -0.617 3.984 1.853 (1.011-3.394) 0.046
Sex, male -0.363 1.329 1.438 (0.776-2.665) 0.249
ISS stage, 11T -0.725 5417 2.066 (1.121-3.805) 0.020*
Hemoglobin, <100 g/l -0.548 2.267 1.729 (0.848-3.527) 0.132
Lymphocyte count, >1.3x10%/1 0.519 2.646 1.681 (0.899-3.141) 0.104
C-reactive protein, >8 mg/l -0.645 4.071 0.525 (0.281-0.982) 0.044¢
Lactate dehydrogenase, >245 U/l -0.906 4.605 2474 (1.082-5.657) 0.032¢
Creatinine, >177 ymol/l -0.316 0.813 1.372 (0.690-2.726) 0.367
Ca*,>2.8 mmol/l -0.289 0.483 1.335(0.591-3.017) 0.487
Albumin, <35 g/ -0.637 1.897 1.891 (0.764-4.683) 0.168
Chromosome, >3 abnormal -0.900 7.190 2.459 (1.274-4.476) 0.007°
Hypertension, yes -0.14 0.194 0.869 (0.466-1.622) 0.660
Diabetes, yes -0.657 3.670 1.929 (0.985-3.779) 0.055
CD13, positive -0.558 0.578 1.746 (0.415-7.349) 0.447
CD33, positive -0.337 0.491 1.401 (0.546-3.597) 0.483
CD56, positive -0.070 0.044 0.932 (0.486-1.789) 0.833
CD117, positive -0.886 3.373 2.426 (0.942-6.248) 0.066
HLA-DR, positive -1.143 8.18 3.135 (1.433-6.860) 0.004*
B, Progression-free survival
Characteristic B Wald HR (95% CI) P-value
Age, =65 years -0.418 1.931 1.519 (0.842-2.738) 0.165
Sex, male -0.408 1.705 1.503 (0.815-2.772) 0.192
ISS stage, IIT -0.633 3.824 1.883 (0.999-3.552) 0.051
Hemoglobin, <100 g/1 -0.341 0.927 1.407 (0.702-2.817) 0.336
Lymphocyte count,>1.3x10%1 0.238 0.606 1.268 (0.697-2.308) 0.436
C-reactive protein, >8 mg/I -0.633 3.933 1.882 (1.007-3.517) 0.047*
Lactate dehydrogenase, >245 U/l -0.696 2.798 2.006 (0.887-4.536) 0.094
Creatinine, >177 ymol/l -0.250 0.498 1.284 (0.641-2.571) 0.480
Ca*,>2.8 mmol/l -0.569 1.867 1.766 (0.781-3.995) 0.172
Albumin, <35 g/l -0.505 1.306 1.657 (0.697-3.942) 0.253
Chromosome, =3 abnormal -0.729 4.362 2.073 (1.046-4.107) 0.037°
Hypertension, yes -0.079 0.060 0.924 (0.492-1.737) 0.806
Diabetes, yes -0.735 4.553 2.086 (1.062-4.100) 0.033¢
CD13, positive -0.162 0.049 1.175 (0.282-4.891) 0.824
CD33, positive -0.850 3.156 2.340 (0.916-5.981) 0.076
CD56, positive 0.118 0.125 1.125 (0.586-2.158) 0.724
CD117, positive -1.143 5.590 3.136 (1.216-8.087) 0.018*
HLA-DR, positive -0.999 6.389 2.715 (1.251-5.892) 0.011*

CI, confidence interval; ISS, international staging

coefficient; Wald, Wald Statistics; HR, hazard ratio.

system; HLA-DR, human leukocyte antigen-antigen D-related. "P<0.05. B, regression

P=0.03) compared with HLA-DR- immunophenotypes Fig 4E). However, PFS did not exhibit a significant survival
(Fig. 4C and D). A similar trend was observed for differencebetweenCDI117+/HLA-DR+andCD117+/HLA-DR-
CDI117+/HLA-DR+ compared with CD117+/HLA-DR- (2 vs. 6 months; P=0.142; Fig 4F). No significant differences
immunophenotypes for OS (2 vs. 33 months; P=0.018; were observed for OS and PFS between CD56+/HLA-DR+
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Table I'V. Multivariate analysis for overall survival and progression-free survival in patients with multiple myeloma.

A, Overall survival

Characteristic B Wald HR (95% CI) P-value
Age, =65 years -0.727 4.596 0.483 (0.249-0.940) 0.032*
ISS stage, 111 -0.755 5.139 0.470 (0.245-0.903) 0.023*
C-reactive protein, >8 mg/I -0.525 2.309 0.529 (0.301-1.164) 0.129
Lactate dehydrogenase, >245 U/l -0.763 2975 0.466 (0.196-1.110) 0.085
Chromosome, >3 abnormal -0.689 3.700 0.052 (0.249-0.940) 0.054
HLA-DR, positive -1.102 6.528 0.332 (0.143-0.774) 0.011*
B, Progression-free survival

Characteristic B Wald HR (95% CI) P-value
C-reactive protein, >8 mg/I -0.627 3.643 0.534 (0.281-1.017) 0.056
Chromosome, >3 abnormal -0.558 2.108 0.572 (0.269-1.216) 0.146
Diabetes, yes -0.842 5.674 0.431 (0.216-0.861) 0.017*
CD117, positive -1.082 4.639 0.339 (0.127-0.902) 0.030*
HLA-DR, positive -0.902 4238 0.404 (0.170-0.957) 0.040*

CI, confidence interval; ISS, international staging system; HLA-DR, human leukocyte antigen-antigen D-related; B, regression coefficient;

‘Wald, Wald Statistics; HR, hazard ratio. “P<0.05.

Table V. Baseline characteristics for patients newly diagnosed with multiple myeloma and varying CD56/CD117 immunophenotypes.

Number or median (range)

Characteristic CD56+/CD117+  CD56+/CD117- or CD56-/CD117+ CD56-/CD117- P-value
n 4 54 22

Age, years 68.5 (43-75) 61 (24-80) 62 (47-75) 0.62
Sex, male 3 28 15 0.35
ISS stage 11T 3 26 11 0.78
Hemoglobin, g/l 85.50 (79-94) 88 (45-131) 83.50 (59-148) 0.89
Lymphocyte count, x10%/1 2.34(0.72-1.42) 1.20 (0.16-3.45) 1.24 (0.62-3.95) 0.79
C-reactive protein, mg/1 17 (2-49) 5 (1-77) 5 (1-160) 0.59
Lactate dehydrogenase, U/1 176 (109-315) 127 (61-1,221) 133 (50-365) 0.23
Creatinine, gmol/l 88.35 (55.20-117) 97.50 (43.30-760.90) 100.55 (30.30-372.70)  0.65
Ca*, mmol/l 2.20 (1.99-2.31) 2.20 (1.38-5.35) 2.20 (1.93-2.95) 0.78
Albumin, g/l 29.65 (17.10-34.10) 27.70 (11.70-44.10) 29.20 (20.10-42.70) 0.81
-2 microglobulin, mg/1 7.30 (5.40-26.80) 5.35 (1.50-81.88) 5.45 (1.88-39.02) 0.38
Plasma cells in bone marrow, % 17.25 (10.50-75) 27.75 (10-95) 35.50 (12-86) 0.77
Chromosome, >3 abnormal 1 10 3 0.78
Hypertension, yes 1 20 9 093
Diabetes, yes 1 13 3 0.49

and CD56+/HLA-DR- immunophenotypes (P=0.194 and
P=0.189; respectively; Fig 4G and H).

Derivation of myeloma prognostic index. The myeloma
prognostic index (MPI) was derived from the variables that
were determined to be significant prognostic factors for OS

based on the multivariate analysis. HLA-DR+, age =65 years
and ISS stage III exhibited an independent, unfavorable
significance for OS. Here, the MPI attributed 1 point for
HLA-DR+, old age (=65 years) and ISS (stage III) and the final
score was obtained. Risk categories were stratified into low
(score, 0), intermediate (score, 1) and high (score, 2-3). The low,
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Table VI. Baseline characteristics for patients newly diagnosed with multiple myeloma and varying HLA-DR immunopheno-

types.
Number or median (range)
Characteristic HLA-DR- HLA-DR+ P-value
n 72 8
Age, years 62.50 (56-75) 61 (24-80) 0.34
Sex, male 39 7 0.15
ISS stage 11T 38 2 0.26
Hemoglobin, g/l 81.50 (64-112) 88 (45-148) 0.30
Lymphocyte count, x10%/1 1.19 (0.53-3.00) 1.20 (0.16-3.95) 0.89
C-reactive protein, mg/1 10 (1-51) 5 (1-160) 0.44
Lactate dehydrogenase, U/l 158 (69-1,221) 127 (50-1,102) 0.49
Creatinine, gmol/l 88.95 (57.2-341.7) 100.50 (30.30-760.90) 0.59
Ca*, mmol/l 2.06 (1.93-3.25) 2.20 (1.38-5.35) 0.28
Albumin, g/l 28.90 (17.70-34.10) 28.20 (11.70-44.10) 0.46
-2 microglobulin, mg/1 4.10 (1.88-8.29) 5.63 (1.50-81.88) 0.13
Plasma cells in bone marrow, % 38 (11.50-95) 26.50 (10.50-92) 0.46
Chromosome, >3 abnormal 9 5 0.002*
Hypertension, yes 28 2 0.70
Diabetes, yes 16 1 0.86
P<0.05.
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Figure 3. Kaplan-Meier analysis of (A) OS and (B) PFS in patients grouped as CD56+/CD117+, CD56-/CD117- and CD56+/CD117- or CD56-/CD117+. OS,

overall survival; PFS, progression-free survival.

intermediate and high MPI was suitable for risk stratification  Discussion
in patients treated with bortezomib and thalidomide for
OS (60, 47 and 33 months, respectively; P<0.001) and PFS
(60, 28 and 12 months, respectively; P=0.004; Fig. 5). Low
group and intermediate group had significant differences in
OS (60 vs. 47 months; P=0.011) and PFS (60 vs. 28 months;
P=0.038). Intermediate group had longer OS than high group
(47 vs. 33 months; P=0.013) but their PFS did not show the same
difference (28 vs. 12 months; P=0.076). In addition, patients
with complex chromosome had a shorter OS (13 vs. 57 months;
P=0.005) and PFS (9 vs. 47 months; P=0.032) (Fig 6).

As a currently incurable disease, research focusing on MM is
ongoing. Developments in the fields of biotechnology and the
identification of novel drugs have furthered the understanding
of the disease and aided the improvement of treatments (1).
It has been demonstrated that MM in different R-ISS stages
consists of interphase fluorescence in situ hybridization
(FISH), f2-microglobulin, lactate dehydrogenase and albumin,
have different prognosis, R-ISS consists of interphase fluores-
cence in situ hybridization (FISH), p2-microglobulin, lactate
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Figure 4. Kaplan-Meier analysis of OS and PFS in varying immunophenotypes. (A) OS and (B) PES associated with HLA-DR expression. (C) OS and (D) PFS
associated with CD13+ or CD33+ and HLA-DR expression. (E) OS and (F) PFS associated with CD117+ and HLA-DR expression. (G) OS and (H) PFS
associated with CD56+ and HLA-DR expression. OS, overall survival; PFS, progression-free survival; HLA-DR, human leukocyte antigen-antigen D-related.
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Figure 5. Survival curve according to MPI categories. (A) OS and (B) PSF for patients of different risk categories. MPI attributed 1 point for HLA-DR+,
age, =65 years and international staging system stage III and risk categories were stratified into low (score, 0), intermediate (score, 1) and high (score, 2-3). MPI,
myeloma prognostic index; OS, overall survival; PFS, progression-free survival; HLA-DR, human leukocyte antigen-antigen D-related.
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Figure 6. Kaplan-Meier analysis of OS and PFS associated with complex chromosomes. (A) OS and (B) PFS for patients with multiple myeloma with and
without complex chromosomes. OS, overall survival; PFS, progression-free survival; complex, =3 abnormal chromosomes.

dehydrogenase and albumin. Patients in different stages had a
different prognosis (15). Treatment with lenalidomide provides
an alternative choice for elderly patients and those unable to
tolerate chemotherapy (16,17). In addition, prognostic factors,
including peripheral lymphocytes and CRP, have been
reported and were demonstrated to have a varying prognostic
significance in traditional chemotherapy and novel drug proto-
cols (4,5,18,19). This highlights the importance of discovering
and identifying prognostic markers in MM for novel treatment
approaches.

Immunophenotyping, as a critical cell indicator, is a neces-
sary step in the diagnosis of MM (6). It is known that MM
plasma cells express CD138 and CD38 at high levels, are posi-
tive for CD56, partially positive for CD117 and do not express
CD27.Normal bone marrow plasma cells do not express CD138
and CD38. They are CD56 negative, express CD19 weakly
compared with MM plasma cells and express CD45 (6,7,20).
In the current study, all patients expressed CD38 and 70.00%

(56 cases) were CD56 and 13.75% (11 cases) were CD117
positive, which is in accordance with previous reports (7,8).
In addition to the exact diagnostic significance, the prog-
nostic value of immunophenotyping has been documented
for MM (21-24). Previously, Dahl et al (21) reported that the
absence of CD56 may contribute to extramedullar accumula-
tion of tumor cells and Bataille et al (22) reported CDI117+
patients exhibited an increased OS compared with negative
individuals. In addition, it was reported that the 3-year OS in
CD33+ patients was significantly decreased compared with
CD33- patients (23). Recently, Pan er al (8) suggested that
CD56 and CD117 expression has a potential prognostic impact
and it may be associated with increased OS. Ceran et al (9)
reported that CD56 and CD117 expression levels are lower in
advanced stages of MM. Qiu et al (24) reported that OS and
PFS in CD56+ patients with MM are increased compared with
CD56- patients treated with lenalidomide or bortezomib-based
therapies. It was suggested that CD56 and CD117 negative
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expression are unfavorable prognostic factors in patients with
MM, based on data obtained from small cohorts (34-50 partic-
ipants), non-combination therapy and uniformed protocols i.e.,
using novel agents and traditional chemotherapies (8.,9).

Opposing trends have also been reported. According to
data from Tang er al (25), therapeutic efficacy of CD117+
patients was decreased compared with CDI17- patients.
Mateo et al (26) documented that patients with MM and
CD117+ treated with conventional therapy, including therapy
followed by autologous stem-cell transplantation, had
decreased OS and PFS compared with CD117- patients with
MM. The prognostic judgment based on immunophenotype
indicators remains controversial. According to the current
study, no significant difference was observed in OS and
PFS between CD56+/CD117+ and CD56-/CDI117- patients
and these markers did not appear to be associated with poor
prognosis. Differences in the described outcomes may be
attributed to the following: Previous reports (8,9,24) resulted
from monotherapy, including iMiDs, proteasome inhibitors or
traditional chemotherapy, or intermittent iMiDs administra-
tion and these results were based on combination therapy,
including thalidomide which were given continuously in the
presence or absence of chemotherapy; a majority of patients
tolerated small doses of thalidomide and peripheral neuritis
was accepted. A uniform protocol was also applied. Elevation
in CD117 and CD56 levels reported by Pan ef al (8) and
Ceran et al (9) resulted from varying treatments, including
chemotherapies and novel agents. The influence of different
regimes and potential resulting bias was not accounted for.
Hundemer et al (27) reported that a lack of CD56 expres-
sion on MM cells was not an indicator for poor prognosis
in patients with MM treated with a high chemotherapy dose
followed by autologous hematopoietic stem cell transplanta-
tion. The present study suggested that CD117+ remained a
negative factor in patients with MM treated with novel agents.
However, larger cohort studies are required to confirm these
conclusions.

According to univariate analysis, HLA-DR+ expression
was associated with decreased OS and PFS and similar results
were observed in combination with CD117+ or myeloid antigen
(CD13+ or CD33+) expression. In addition, HLA-DR+ expres-
sion was identified as an independent factor for decreased OS
and PFS. To the best of the our knowledge, the current study
is the first to report effects of HLA-DR expression on OS and
PFS in patients with MM.

The HLA gene, located on the short arm of chromosome
6, is a 4,000 kb gene complex composed of various tightly
connected gene clusters, which are known for maximum allele
polymorphisms and are closely associated with functions of the
immune system in humans (28). The HLA-DR antigen, which
is encoded by the HLA-II gene, most frequently appears on
the cytomembrane of macrophages and B lymphocytes and
may aid the host immune system to identify and attack tumor
cell (28). Previously, research regarding HLA-DR concentrated
on diseases associated with the immune system (29,30) and
solid tumors. Diao et al (31) indicated that overexpression of
HLA-DR is associated with decreased OS in patients with
glioma, while Sconocchia et al (32) reported that HLA class 11
antigen served as a favorable prognostic marker in patients with
colorectal carcinoma. In hematological malignances, certain
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reports have suggested that the HLA-DR status determined by
flow cytometry may be used to predict the prognosis of patients
with diffuse large B-cell lymphoma receiving R-CHOP
(rituximab, cyclophosphamide, doxorubicin, vincristine,
prednisone) therapy (33,34). The current study demonstrated
that HLA-DR positive is an unfavorable factor for OS and PFS
in patients with MM. HLA-DR+ may be a valuable and simple
prognostic marker in the field of novel therapies. However, larger
studies with increased follow-up and additional researches are
required in the future to confirm the presented conclusions,
particularly in patients with transplantations. Co-expression
with CD117 or myeloid antigens (CD13 or CD33) did not alter
the exhibited influence. This may result from a close association
with complex chromosomes. Although t(4;14), t(14;16) and
17p- were previously reported as unfavorable karyotypes in
revised ISS for MM (R-ISS), further unknown abnormalities
may have been omitted as a result of restrictions of the FISH
probes (15). Certain complex karyotypes detected were based
on traditional reverse-banding and/or G-banding techniques.
According to the current study, complex chromosomes may be
a valuable prognostic factor, while complex karyotypes have
previously been described as an adverse prognostic factor (35).
To the best of our knowledge the association between complex
chromosomes and immunophenotypes has not been reported
previously. However, these findings may be only be applicable
for a Chinese population.

As a first generation immunoregulator, thalidomide is
more widely used in China compared with lenalidomide, as
a result of its lower price and a majority of patients with MM
insisting on a combination therapy based on thalidomide and
bortezomib (36). Flow cytometry, as an established technique,
has been widely used in China (7). In association with simple
ISS, R-ISS is not common in basic hospitals, and age or
MPI may provide a simple diagnostic to predict prognosis in
patients not undergoing transplantation. The use of immuno-
phenotypes as prognostic markers is a simpler method than
R-ISS. The current study suggested that the expression of
CDI117 and HLA-DR may be prognostic markers for novel
therapies where combination therapy with thalidomide and
bortezomib is predominant, however, further associations for
the combination with transplantation should be studied.

There are several limitations associated with the current
study. Certain international prognostic factors, including free
light chain levels (FLC) were excluded as total light chain
levels not FLC were measured until 2012. Patient numbers
in the current study were increased compared with previous
reports, however, following subdivision of the cohort, indi-
vidual groups remained small (8,9). Future perspectives
include the recruitment of more patients and the analysis of
more factors, including FLC, to identify further markers of
long-term prognosis in patients with MM.
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