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Abstract

Objective: The albumin—globulin ratio (AGR) has been identified as a promising prognostic
predictor of mortality in patients with hematological malignancies. This study investigated the
prognostic significance of AGR in patients with multiple myeloma.

Methods: Two hundred patients diagnosed with multiple myeloma from January 2010 to
October 2018 were retrospectively analyzed and followed up until December 2019. Kaplan—
Meier curves and multivariate Cox regression analysis were applied to detect the prognostic
value of AGR.

Results: The median follow-up period was 36 months. The optimal cutoff of AGR was .16
according to receiver operating characteristic curve analysis. High AGR was significantly corre-
lated with better overall survival (OS) and progression-free survival (PFS). Multivariate analysis
revealed that low AGR was an independent prognostic factor for worse OS (hazard ratio [HR] =
1.82, 95% confidence interval [CI] = 1.15-2.94) and PFS (HR=1.53, 95% Cl=1.09-2.17).
Conclusions: AGR may represent a potential prognostic biomarker in patients with multiple
myeloma.

Mini Abstract: We demonstrated that high AGR was associated with a favorable overall survival
and progression-free survival in patients with multiple myeloma.
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Introduction

Multiple myeloma (MM), which is charac-
terized by a measurable immunoglobulin
(Ig) peak in plasma or urine caused by the
abnormal proliferation of atypical plasma
cells in bone marrow, is a major hematolog-
ical malignancy globally that is associated
with high morbidity and mortality. Despite
substantial advances in the diagnosis and
treatment (chemotherapy and stem cell
therapy) of MM, long-term survival
remains unsatisfactory owing to ineffective
drug treatment, disease-related complica-
tions, and local relapse.! At present, a
number of prognostic models of clinical
characteristics have considerably increased
the available tools for screening patients
with advanced disease and poor prognoses,
including the Durie-Salmon Staging
System, International Staging System
(ISS), and Revised International Staging
System  (RISS).>® However, patients
within similar prognostic groups display
heterogeneous clinical outcomes.
Therefore, it is imperative to apply critical
MM markers together with traditional clin-
ical parameters to improve the prediction of
prognosis and survival.

It is accepted that malnutrition and
inflammation are highly prevalent and
related to the prognosis of patients with
cancers. In general, serum albumin is used
to reflect malnutrition, whereas serum glob-
ulin serves as an indicator of chronic
inflammation. However, emerging evidence
illustrated that hypoalbuminemia may rep-
resent a reliable indicator of an enhanced

cancer-related  inflammatory  response,
which is mainly associated with cytokine-
induced impairment of albumin synthesis
and excessive albumin degradation.?
Recent studies identified the albumin—glob-
ulin ratio (AGR) as a valuable marker for
predicting the survival of patients with dif-
ferent types of lymphoma>® and other dis-
eases such as chronic kidney disease and
chronic obstructive pulmonary disease.”®
However, there is a lack of evidence regard-
ing the predictive role of AGR and the
albumin—globulin score (AGS) for mortali-
ty in patients with MM. The purpose of the
current study was to evaluate the influence
of AGR and AGS on clinical prognosis in
patients with MM.

Patients and methods

Participants

The retrospective study enrolled patients
with newly diagnosed MM between
January 2010 and October 2018 in The
Affiliated Jiangyin Hospital, School of
Medicine, Southeast University. The diag-
nosis of MM was based on the criteria pub-
lished by the International Myeloma
Working Group.’ The staging of MM was
determined using the Durie-Salmon
Staging System, ISS, and RISS.*' The
study was approved by the Medical Ethics
Committee of The Affiliated Jiangyin
Hospital of Southeast University Medical
College. The need for informed consent
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was waived because of the retrospective
nature of this study.

Clinical and laboratory data collection

All blood samples were collected before
treatment to measure the following varia-
bles: hemoglobin; mean corpuscular hemo-
globin; mean corpuscular hemoglobin
concentration (MCHC); mean corpuscular
volume; red blood cell distribution width;
white blood cell, neutrophil, and lympho-
cyte counts; and albumin, globulin, [2-
microglobulin, and lactate dehydrogenase
(LDH) levels. AGR was determined using
the following formula: AGR =albumin/
(total proteins —albumin). Patients with
MM and low albumin levels (<35 g/L)
and high globulin levels (>35 g/L) were
given an AGS of 2, those with only one
abnormality were given an AGS of I, and
those with neither abnormality were given
an AGS of 0. AGS of 1-2 was characterized
as high, and AGS of 0 was characterized
as low.

Patients with MM were routinely fol-
lowed up every 3 months for the first 2
years and then every 6 months up to the
fifth year. Overall survival (OS) was calcu-
lated from diagnosis to death. The date of
last follow-up was applied for withdrawn
patients. Progression-free survival (PFS)
was calculated from diagnosis to disease
progression or relapse or until the date of
last follow-up.

Statistical analysis

Receiver operating characteristic (ROC)
curves were applied to evaluate the sensitiv-
ity and specificity for OS and PFS, and the
largest Youden’s index was estimated to
determine the optimal cutoff points for
AGR."" Comparisons of continuous varia-
bles were performed using the Mann—
Whitney U test or Kruskal-Wallis test.
Comparisons of categorical variables were

performed using the chi-squared test or
Fisher’s exact test. Survival rates in terms
of OS and PFS were analyzed using the
Kaplan—Mecier method and log-rank test.
The significant predictors of OS and PFS
were evaluated by multivariate analysis
using Cox’s proportional hazards model.
Nomograms for OS and PFS were generat-
ed using R 3.0.3 software (Institute for
Statistics and Mathematics, Vienna,
Austria), and the predictive accuracy was
evaluated wusing Harrell’s concordance
index. All statistical analysis was performed
using SPSS 20.0 software (IBM, Armonk,
NY, USA).

Results

Patient characteristics

The clinicopathologic characteristics of all
patients with MM stratified by AGS and
AGR are described in Table 1. The study
included 200 patients with MM, including
82 (41.0%) males and 118 (59%) females
with a median age of 66 years (range, 29—
88). The most prevalent MM type was [gG
(49.4%,). Twelve (6%) patients had bone
marrow infiltration. The median follow-up
periods for OS and PFS were 34 and 22
months, respectively. In the final follow-
up, relapse or disease progression was iden-
tified in 183 (91.5%) patients, and 130
(65.0%) patients had died.

Optimal thresholds for AGR

The optimal cutoff for AGR was deter-
mined using ROC curve analysis. The area
under the curve for AGR was 0.678 (95%
confidence interval [CI]=0.600-0.757,
P <0.001). The optimal cutoff based on
OS was determined to be 1.16 for AGR
via ROC curve analysis. Subsequently,
patients were divided into two groups
according to the optimal cutoff.
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Correlations of AGS and AGR with
clinicopathologic parameters

To study the associations of AGS and AGR
with clinicopathologic parameters, compar-
isons between the high and low groups for
AGS and AGR were performed, as pre-
sented in Table 1. AGS and AGR were sig-
nificantly associated with RDW, albumin,
globulin, LDH, creatine, urea, Ig subtype,
and MM stage. Moreover, AGR was close-
ly associated with hemoglobin, red blood
cell counts, MCHC, and f2-microglobulin.

Association of AGS and AGR with patient
outcomes

Kaplan—Meier analysis of OS and PFS was
performed to determine the associations of
AGS and AGR with clinical prognosis. Our
results revealed that high AGS was associ-
ated with decreased OS (P =0.049,
Figure 1). In addition, low AGR was signif-
icantly associated with poorer OS
(P <0.001, Figure 2) and PFS (P =0.005).
The influence of parameters identified as
significant in univariate analysis on OS and
PFS was investigated via multivariate anal-
ysis. Our results revealed that old age
was an independent prognostic indicator
of OS (hazard ratio [HR]=1.02, 95%

CI=1.00-1.04, P=0.026, Table 2). More
importantly, low AGR was significantly
associated with reduced OS (HR=1.82,
95% CI=1.15-2.94, P=0.011) and PFS

(HR =1.53, 95% CI=1.09-2.17,
P=0.028). Meanwhile, MCHC
(HR =0.98, 95% CI=0.97-0.99,

P=0.031) was identified as an independent
predictor of PFS in patients with MM.
Moreover, AGS was not an independent
indicator of either OS or PFS.

Discussion

Hypoalbuminemia is reported to be predic-
tive of poor prognosis, and it is prevalent in
patients with MM.'? To the best of our
knowledge, this is the first study to demon-
strate the prognostic value of AGR in terms
of OS and PFS in patients with MM. In our
study, we demonstrated that high AGR was
associated with favorable OS and PFS
among patients with MM.

Serum albumin is generally regarded as a
biological marker reflecting the nutritional
status and systemic inflammatory response.
Hypoalbuminemia is a common clinical
feature of MM, and it includes multiple eti-
ologies, such as malnutrition, renal dys-
function, and hepatic impairment.'> !
Despite great progress in understanding
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Figure |. Kaplan—Meier curves of overall and progression-free survival according to the albumin—globulin

score.
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the association of serum albumin with the
prognosis of several types of cancer,'® '8
the influence of serum albumin on the prog-
nosis of MM remains unclear. It has been
reported that serum interleukin (IL)-6 levels
are negatively correlated with serum albu-
min levels in patients with MM." IL-6 was
observed to be significantly overexpressed
in various types of B-cell malignancies
including MM, and it has been verified
that IL-6 overproduction contributes to
B-cell maturation and proliferation.”*?!
Furthermore, the negative effects of hypo-
albuminemia on patient prognosis might be
partly attributable to its anti-oxidant func-
tion, which may induce cell growth stabili-
zation and DNA replication.?? Conversely,
low serum albumin content may indicate
malnutrition, which was found to be asso-
ciated with poor prognosis.>*** However, a
recent study revealed that the increased
mortality of hypoalbuminemia was partly
attributed to inflammation opposed to mal-
nutrition in patients undergoing peritoneal
dialysis.”® In contrast to albumin, globulin
is a primary cortisol-binding protein con-
taining several pro-inflammatory compo-
nents such as Igs, ILs, and C-reactive
protein. In fact, globulin has been widely
reported as an independent prognostic indi-
cator for various diseases.”® 2® Therefore,

Cum Survival

T T T T T T T
o0 000 2000 000 40.00 wm 8000

Overall survival (month)

combination variables such as AGR are
considered better prognostic markers than
individual markers alone.

AGR has been widely investigated as a
potential prognostic factor in solid tumors,
including breast cancer,”’ glioblastoma,30
gastric cancer,’! and renal cell carcinoma.>?
Recently, several studies found that higher
AGR was correlated with reduced all-cause
mortality in hematological malignancies,
primarily lymphomas.>®** The present
study suggested that increased AGR was
significantly associated with better OS and
PFES in patients with MM, and the optimal
AGR cutoff of 1.16 was a superior predic-
tor in terms of HR, which achieved the best
sensitivity and specificity. A low AGR
could be the consequence of sustained pro-
tein loss, such as that associated with
proteinuria. Proteinuria results in undernu-
trition and inflammation, which are associ-
ated with poor outcomes in patients with
chronic disease, even in the general popula-
tion.** Importantly, patients with MM and
a low AGR should be assessed for the pres-
ence of a strong inflammatory response,
malnourishment, or both. Treatment with
nutritional support and anti-inflammatory
agents might reduce the risk of mortality
in patients with MM. Interestingly, AGR
is also a predictor of chronic kidney disease

AGR
by —CIAGRSL16
L AGR>116
4= AGRS . 16-censored
+— AGR>1.16-comored
Log-Rank P=0.00%

Cum Survival
i

T T T T T T T
o 100 2000 nm 0.0 00 w000

Progression-free survival (month)

Figure 2. Kaplan—Meier curves of overall and progression-free survival according to the albumin—globulin

ratio.
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[7], which may be a common manifestation
of MM that is associated with an increased
risk of all-cause death and cardiovascular
disease. However, the applicable cutoff
may be different in particular cohorts of
patients with MM, and distinct results
may be obtained regarding survival com-
parisons. Furthermore, our study revealed
significant differences in OS among patients
with MM stratified by AGS and AGR.
Unfortunately, we failed to identify AGS
as a positive predictor of outcomes for
patients with MM in the present study.
However, the predictive value of AGS
needs further investigation.

Several limitations of the present study
should be addressed. First, some CIs in uni-
variate and multivariate Cox regression
analysis were wide, which might be attrib-
utable to the retrospective, single-center
nature of the study and its relatively small
cohort of 200 patients, possibly resulting in
bias for data collection and analysis.
Second, other inflammatory parameters
such as cytokines were not examined in
our study because they were not routinely
measured in our patients. Third, we only
investigated the associations of baseline
AGR with OS and PFS, and over time,
treatment would lead to changes of AGR,
which may reflect the dynamic changes of
the nutritional and systemic inflammatory
status and influence positive or negative
clinical outcomes. Another potential limita-
tion was that globulins are heterogencous
fractions that cannot be accurately mea-
sured, which may lead to different clinical
prognoses.

In conclusion, our study demonstrated
that AGR was an independent predictor
of OS and PFS in patients with MM.
However, further studies are required to
identify the underlying mechanism linking
inflammatory biomarkers and prognosis in
these patients.
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