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Background: Absolute lymphocyte count (ALC) in peripheral blood has recently been reported to
be an independent prognostic factor in multiple myeloma (MM). Previous studies indicated that
the absolute monocyte count (AMC) in peripheral blood reflects the state of the tumor microenvi-
ronment in lymphomas. Neither the utility of the AMC nor its relationship with ALC has been stud-
ied in MM. Methods: The prognostic value of ALC, AMC, and the ALC/AMC ratio at the time of
diagnosis was retrospectively examined in 189 patients with MM. Results: On univariate analysis,
low ALC (< 1,400 cells/uL), high AMC (=490 cells/uL), and low ALC/AMC ratio (<2.9) were cor-
related with worse overall survival (OS) (p=.002, p=.038, and p=.001, respectively). On multivari-
ate analysis, the ALC/AMC ratio was an independent prognostic factor (p=.047), whereas ALC
and AMC were no longer statistical significant. Low ALC, high AMC, and low ALC/AMC ratio
were associated with poor prognostic factors such as high International Staging System stage,
plasmablastic morphology, hypoalbuminemia, and high f2-microglobulin. Conclusions: Univari-
ate analysis demonstrated that changes in ALC, AMC, and the ALC/AMC ratio are associated
with patient survival in MM. Multivariate analysis showed that, of these factors, the ALC/AMC ra-
tio was an independent prognostic factor for OS.
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Absolute lymphocyte count (ALC) in peripheral blood may
reflect the body’s immune surveillance potential against cancer
cells. Recent studies suggest that ALC, as a surrogate marker
for host immune status, has prognostic significance in cancer
patients. In multiple myeloma (MM), ALC recovery after autol-
ogous stem cell transplantation (ASCT) has been reported to be
of significant prognostic value."” Furthermore, a recent study
showed that ALC at the time of diagnosis was associated with
survival in newly diagnosed MM patients.’

In recent years, the importance of the bone marrow (BM) mi-
croenvironment in MM has become increasingly apparent. The
BM microenvironment provides a ‘niche’ that supports growth
and survival of myeloma cells, and influences their migration
and drug resistance.”> Among stromal cells in the microenvi-
ronment, inflammatory cells play an essential role in tumor pro-
gression.6 Tumor-associated macrophages (TAMs), which con-
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stitute a significant proportion of tumor-related inflammatory
cells, have been linked to the growth, angiogenesis and metasta-
sis of a variety of tumors.” TAMs secrete factors that directly
promote tumor cell proliferation and, by acting on endothelial
cells, they also promote tumor neovascularization, which en-
ables tumor progression.®

A prognostic role for TAMs has been reported in patients with
classical Hodgkin lymphoma (HL),”" diffuse large B-cell lym-
phoma (DLBCL)," follicular lymphoma (FL)"* and MM."* TAMs
are derived from circulating monocytes and are recruited to the
tumor site by tumor-derived chemotactic factors."*" Since the
number of circulating monocytes and the TAM content are in-
fluenced by tumor-derived chemotactic factors, the peripheral
blood absolute monocyte count (AMC) may reflect the level of
TAM recruitment, and therefore may have potential value as a
surrogate marker for TAMs. In support of this hypothesis, AMC
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has recently been shown to be a reliable prognostic marker in
DLBCL," FL," and HL."®

The utility of AMC and its relationship with ALC have not
been investigated in MM. The aim of this study was therefore to
analyze AMC, ALC, and the ALC/AMC ratio, as a simple mark-
er combining an estimate of host immune status and tumor mi-
croenvironment, at the time of diagnosis in MM and to correlate
the findings with clinical parameters and patient outcome.

MATERIALS AND METHODS

Patients

This study included 189 patients who were diagnosed with
MM between 2001 and 2011 at the Asan Medical Center, Seoul,
Korea. Disease was considered to be plasmablastic when >30%
of myeloma cells in the BM biopsy exhibited plasmablastic mor-
phology. All patients met the following criteria: BM involve-
ment; no previous treatment; no previous history of other malig-
nancies, transplantation or immunosupptession; no anti-human
immunodeficiency virus antibodies; and availability of laboratory
and radiologic data and follow-up information.

AMC and ALC were obtained from routine complete blood
count (CBC) with a four-part differential (lymphocytes, mono-
cytes, eosinophils, and neutrophils) using a Sysmex automated
hematology analyzer (model E-4000, SE-9000 or XE-2100,
Sysmex Co., Kobe, Japan), which was performed at the time of
the diagnosis.”

Statistical analysis

Overall survival (OS) was defined as the time between the
date of diagnosis and the date of death from any cause. For liv-
ing patients, OS was defined as the time between diagnosis and
the last follow-up date. OS was analyzed using the Kaplan-Mei-
er method and log-rank testing was used to compare groups.
Median follow-up with a 95% confidence interval was calculat-
ed using the reverse Kaplan-Meier method.® Multivariate anal-
yses of demographic and clinical characteristics prognostic for
OS were performed using the Cox proportional hazards regres-
sion model.

The maximal chi-square method was adapted to evaluate the
cutoff points in the dataset that best segregated patients into
poor and good prognosis subgroups (based on the likelihood of
surviving), with the log-rank test as statistic used to measure the
strength of the grouping. Maxstat, a maximal chi-square pack-
age in R 2.15.2. (R Development Core Team, Vienna, Austria;
htep://www.R-project.org), was used to identify the optimal cut-
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off points for ALC, AMC and the ALC/AMC ratio.*"** Correla-
tions between ALC, AMC, and the ALC/AMC ratio with cate-
gorical variables were analyzed using Pearson’s chi-square test or
Fisher’s exact test, and the Mann-Whitney U test was used to
evaluate associations with continuous variables. All statistical
analyses were performed using the SPSS ver. 18.0 (SPSS Inc.,
Chicago, IL, USA) or R 2.15.2. A p-value of <.05 was consid-
ered to be statistically significant.

Ethical permission

The Institutional Review Board (IRB) of Asan Medical Cen-
ter (Seoul, Korea) approved this study protocol and provided all
necessary ethical permissions.

RESULTS

Patient characteristics

The mean age of the 189 patients with MM in the study was
60 years (range, 29 to 84 years), and the male to female ratio was
1.077:1. Paraprotein type was determined by immunoelectro-
phoresis; IgG was the most common (n=95, 50.3%), followed
by light chain (n=48, 25.4%), IgA (n=34, 18%), IgD (n=7,
3.7%), and IgM (n=5, 2.6%). Of the 189 patients, 57 (30.2%)
exhibited plasmablastic disease morphology. Punched-out, os-
teolytic bone lesions (>3 lesions) were identified in 96 patients
(50.8%). Following diagnosis, patients were treated with che-
motherapy (47.1%), radiotherapy (6.3%), chemotherapy fol-
lowed by ASCT (35.4%), or conservative treatment (11.1%). At
the time of analysis, 146 patients (77.2%) had died of MM, and
the estimated 5-year OS was 26%.

At the time of diagnosis, the median AMC was 372 cells/pL
(range, 41 to 2,040 cells/pL), the median ALC was 1,581 cells/
pL (range, 319 to 5,742 cells/pL) and the median ALC/AMC ra-
tio was 4 (range, 0.83 to 33).

Correlation of ALC, AMC, and the ALC/AMC ratio with
clinicopathological variables

The patients were divided into two groups according to ALC,
AMC, and the ALC/AMC ratio at diagnosis. Cut-off points for
the division of groups, chosen according to the results of maxi-
mal chi-square analysis to best segregate patients, were as fol-
lows: ALC 1,400 cells/pL, AMC 490 cells/pL, and an ALC/
AMC ratio of 2.9. One hundred and fifteen patients (60.8%)
belonged to the high ALC (>1,400 cells/pL) group, 57 patients
(30.2%) to the high AMC (2490 cells/pL) group and 135 pa-
tients (71.4%) to the high ALC/AMC ratio (>2.9) group.
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The low ALC, high AMC, and low ALC/AMC ratio groups
were associated with poor prognostic factors such as high Inter-
national Staging System (ISS) stage, plasmablastic morphology,
hypoalbuminemia and high p2-microglobulin (32m). Patients
with a low ALC at diagnosis were more likely to present with a
high ISS stage (p=.004), plasmablastic morphology (p=.027),
hypoalbuminemia (p=.004), anemia (p=.005), low platelets
(p=.001), and leukopenia (p=.001). Patients with a high AMC
at diagnosis were more likely to be male (p<.0001) and present
with leukocytosis (p<.0001) and high f2m (p=.015), serum
creatinine (p=.014) and platelets (p = .028). Patients with a low
ALC/AMC ratio at diagnosis were more likely to present with
plasmablastic morphology (p=.008) and leukocytosis (p=.003),
and be male (p=.011) (Table 1).

1.0 — ALC<1,400 cells/pL 1.0F

— ALC=1,400 cells/pL

Prognostic significance of ALC, AMC, and the ALC/AMC
ratio

The median follow-up period was 938 days (range, 2 to 5,011
days). Univariate analysis showed that low ALC, high AMC, and
low ALC/AMC ratio were correlated with poor OS (p=.002,
p=.038, and p=.001, respectively) (Fig. 1). The 5-year OS rate
was also shorter in the low ALC (17% vs 33% in the high ALC
group), high AMC (18% vs 30% in the low AMC group), and
low ALC/AMC ratio groups (13% vs 31% in the high ALC/
AMC ratio group).

Univariate analyses also showed that other factors related to
poor OS included plasmablastic morphology (p=.016), older
age (265 years; p=.001), high ISS stage disease (p<.0001), high
Durie-Salmon stage (p<.0001), high f2m (p<.0001), hypoal-
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Fig. 1. Kaplan-Meier curves of overall survival in multiple myeloma patients according to absolute lymphocyte count (ALC) (A), absolute mono-

cyte count (AMC) (B), and the ALC/AMC ratio (C).

Table 2. Univariate analyses of ALC, AMC, and the ALC/AMC ratio for OS

Factor HR 95% Cl p-value
ALC (cells/uL) >1,400 vs < 1,400 1.649 1.189-2.286 .002
AMC (cells/pL) <490 vs 2490 1.443 1.018-2.045 .038
ALC/AMC ratio >29vs <2.9 1.772 1.249-2.514 .001
Morphology Plasmacytic vs plasmablastic 1.662 1.081-2.228 016
Age (yr) <B5vs =65 1.793 1.279-2.513 .001
ISS I 1

[ 2.148 1.258-3.670 .005

1 4.360 2.526-7.523 <.0001
D-S stage I 1

Il 1.982 1.061-3.702 .032

A 1.403 0.769-2.560 270

B 3.368 1.712-6.627 <.0001
B2-Microglobulin (mg/L) < 35vs 235 2128 1.468-3.084 <.0001
Albumin (g/dL) < 35vs 235 1.573 1.1156-2.219 .009
Bone lesion (lytic bone lesions) <3vs >3 1.108 0.799-1.535 539
Treatment type ASCT vs no ASCT 2.345 1.637-3.359 <.0001

ALC, absolute lymphocyte count; AMC, absolute monocyte count; OS, overall survival; HR, hazard ratio; Cl, confidence interval; ISS, International Staging
System; D-S stage, Durie-Salmon stage; ASCT, autologous stem cell transplantation.
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buminemia (p=.009) and treatment without ASCT (p<.0001)
(Table 2).

Multivariate analysis including ALC, AMC, morphology, age,
ISS stage, Durie-Salmon stage, and treatment type showed that
only treatment type (ASCT vs no ASCT) was an independent
prognostic factor for OS (p=.001); ALC and AMC were not sta-

tistically significant (p=.106 and p=.107, respectively). Multi-
variate analysis including the ALC/AMC ratio, morphology, age,
ISS stage, Durie-Salmon stage, and treatment type showed that
the ALC/AMC ratio and treatment type were both independent
prognostic markers (p=.047 and p=.001, respectively) (Table 3).

We also assessed ALC, AMC and the ALC/AMC ratio in pa-

Table 3. Multivariate analyses of ALC, AMC, and the ALC/AMC ratio for OS

Factors HR 95% Cl p-value HR 95% Cl p-value
ALC (cells/uL) >1,400 vs < 1,400 1.389 0.933-2.069 106
AMC (cells/uL) <490 vs =490 1.415 0.928-2.157 107
ALC/AMC ratio >29vs <2.9 1.511 1.006-2.272 047
Morphology Plasmacytic vs plasmablastic 1.396 0.940-2.074 .099 1.366 0.917-2.033 125
Age (yr) <B5vs =65 1.441 0.949-2.189 .087 1.388 0.910-2.116 128
ISS | 1 1
Il 1.129 0.543-2.348 745 1.122 0.540-2.331 757
Il 1.799 0.824-3.925 140 2.048 0.947-4.429 .069
D-S stage | 1 1
Il 1.089 0.454-2.611 .849 1.151 0.482-2.750 751
IIIA 0.997 0.427-2.326 .994 1.099 0.479-2.520 824
1B 1.786 0.681-4.683 239 1.899 0.725-4.975 192
Treatment type ASCT vs no ASCT 2.252 1.405-3.610 .001 2.131 1.337-3.396 .001

ALC, absolute lymphocyte count; AMC, absolute monocyte count; OS, overall survival; HR, hazard ratio; Cl, confidence interval; ISS, International Staging
System; D-S stage, Durie-Salmon stage; ASCT, autologous stem cell transplantation.
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Fig. 2. Kaplan-Meier curves of overall survival in multiple myeloma patients with (A-C) or without (D-F) autologous stem cell transplantation,
according to absolute lymphocyte count (ALC) (A, D), absolute monocyte count (AMC) (B, E), and the ALC/AMC ratio (C, F).
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Table 4. Stratified univariate analyses for OS
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ALC< 1,400 cells/uL AMC =490 cells/uL ALC/AMC<2.9
Characteristics
HR 95% Cl p-value HR 95% Cl p-value HR 95% Cl p-value

Treatment

ASCT (n=67) 1.459 0.794-2.679 221 1.376 0.728-2.600 323 1.393 0.700-2.769 343

No ASCT (n=122) 1.542 1.043-2.281 .029 1.613 1.058-2.457 025 1.850 1.227-2.789 .003
Age (yr)

<65 (n=121) 1.728 1.139-2.622 .009 1.517 0.971-2.369 .065 1.843 1.163-2.920 .008

>65 (n=68) 1.606 0.934-2.762 .084 1.323 0.752-2.327 .330 1.408 0.812-2.442 221
Sex

Male (n=98) 2112 1.351-3.301 .001 1.259 0.806-1.967 310 1.719 1.091-2.708 .018

Female (n=91) 1.245 0.764-2.028 379 1.433 0.748-2.744 276 1.559 0.873-2.784 130
ISS

I (n=35) 1.308 0.451-3.761 .624 6.865 2.408-19.576  <.0001 3.169 1.166-8.617 017

I (n=87) 1.720 1.044-2.834 .031 0.982 0.563-1.712 949 1.209 0.693-2.110 504

I n=61) 0.936 0.554-1.580 .804 1.171 0.683-2.005 566 2.011 1.172-3.450 010

OS, overall survival; ALC, absolute lymphocyte count; AMC, absolute monocyte count; HR, hazard ratio; Cl, confidence interval; ASCT, autologous stem cell

transplantation; ISS, International Staging System.

tients subdivided for factors that can affect prognosis and treat-
ment selection (such as ASCT vs no ASCT, age, sex, and ISS) to
determine whether they could predict OS. Among patients who
did not undergo ASCT, those with low ALC, high AMC, and
low ALC/AMC ratio had significantly shorter OS (p=.029, p=
.025, and p=.003, respectively), but patients who received
ASCT did not show significant differences in survival (p=.221,
p=.323, and p=.343, respectively) (Fig. 2). When we stratified
patients according to age, sex, and ISS, low ALC was associated
with poor OS in patients who were <65 years-old (p=.009),
male (p=.001), or had ISS stage II disease (p=.031). High
AMC was associated with poor survival in the ISS stage I group
(p<.0001). Low ALC/AMC ratio was associated with poor sur-
vival in patients who were <65 years-old (p=.008), male (p=
.018), or had ISS stage I (p=.017) or stage III disease (p=.010)
(Table 4).

DISCUSSION

The aim of the present study was to investigate the role of
AMC as a prognostic biomarker for MM and to determine its
relationship with ALC, an established prognostic factor for
MM. To our knowledge, this is the first study to demonstrate
the prognostic value of AMC and the ALC/AMC ratio in newly
diagnosed MM.

Low ALC (< 1,400 cells/pL), high AMC (2490 cells/uL), and
low ALC/AMC ratio (< 2.9) were associated with poor OS and
poor prognostic factors such as high ISS stage, plasmablastic
morphology, hypoalbuminemia, and high p2m. However, on
multivariate analysis, only low ALC/AMC ratio was an inde-
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pendent prognostic factor for MM.

Although ALC did not have statistical significance in multi-
variate analysis due to the relatively small sample size, our re-
sults are in agreement with previous reports showing that a
high ALC is associated with better prognosis in newly diag-
nosed MM (cut-off point, 1,400 cells/pL; the same as that used
our study),’ relapsed MM after Vel-Dex therapy (cut-off point,
1,100 cells/pL)* and other lymphomas.**

We also found that shorter OS in MM patients was associated
with high AMC and low ALC/AMC ratio, which is similar to
the findings of previous studies of malignant lymphomas. AMC
has been shown to be a reliable prognostic marker for DLBCL
(cut-off point, 630 cells/uL),'® FL (cut-off point, 570 cells/pL),"”
and HL (cut-off point, 900 cells/uL),'"® and in classical HL, the
ALC/AMC ratio at diagnosis is an independent prognostic fac-
tor for survival (cut-off point, 1.1).!*

Recently it has been reported that TAMs are a prognostic
marker for the survival of patients with MM." TAMs, which
constitute a significant proportion of tumor-infiltrating inflam-
matory cells, have been linked to the growth, angiogenesis and
metastasis of a variety of cancers.” In MM, macrophages are an
abundant and important component of BM stromal cells and
contribute to tumor angiogenesis.”* TAMs, which are contin-
ually being recruited and activated both in an autocrine manner
and by cytokines secreted by myeloma cells, adapt functionally,
phenotypically and morphologically to collaborate with endo-
thelial cells in vessel formation.”” Moreover, BM macrophages
protect myeloma cells from apoptosis.”® TAMs therefore pro-
mote tumor growth not only by supporting angiogenesis, but
also by protecting tumor cells from apoptosis, via the induction

http://www.koreanjpathol.org
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of immunosuppression.” The important role TAMs play in the
biology of MM, thereby affecting patient outcome, makes them
a potential target for anti-vascular therapy in MM.*

As TAMs are derived from circulating monocytes and are re-
cruited to the tumor site by tumor-derived chemotactic fac-

tOl'S,M’ls’SO

obtaining an AMC from a CBC at diagnosis is simple
and could be more easily applied in clinical practice than count-
ing TAMs. In this study, the ALC/AMC ratio was an indepen-
dent prognostic factor in MM. Moreover, the ALC/AMC ratio,
which may be a reflection of both the tumor microenvironment
and host immune status, could provide prognostic information
independently.

We found that the patient group with high AMC and low
ALC/AMC ratio trended toward worse OS whether or not they
received ASCT, although statistical significance was not reached
in the ASCT group because of the small sample size. A larger
prospective cohort study of uniformly treated patients is required
to validate these findings.

In conclusion, the results of the present study suggest that
AMC, and, in particular, ALC/AMC ratio, which was found to
be an independent prognostic factor for patient survival, could
be used to determine the prognosis of MM.
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