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Abstract

Background: Multiple myeloma (MM) is a hematological malignancy characterized by
systemic inflammation and frequent renal involvement. The C-reactive protein-to-albu-
min ratio (CAR) has emerged as a potential inflammation-based biomarker; however, its
clinical significance in MM remains incompletely understood. Methods: This retrospec-
tive single-center study included 62 patients with MM. Clinical and laboratory data at
diagnosis were collected, and CAR was calculated as the ratio of CRP to serum albumin.
Patients were stratified into low and high CAR groups based on the median value (0.13).
Survival outcomes were assessed using the Kaplan—Meier method. Results: The mean age
was 65.9 £ 9.9 years, and 54.8% of patients were male. Higher CAR levels were associated
with shorter overall survival (123 vs. 89 months, p = 0.32) and progression-free survival
(60 vs. 36 months, p=0.16), although these differences did not reach statistical significance.
An unexpected finding was that the requirement for dialysis was higher in the low-CAR
group (21.2% vs. 3.4%, p = 0.04). Other clinical and laboratory parameters were compara-
ble between groups. Conclusions: CAR may reflect systemic inflammatory status in pa-
tients with MM; however, its prognostic value for survival remains uncertain in this co-
hort. The observed findings, particularly regarding renal outcomes, should be interpreted
with caution. Larger prospective studies are needed to clarify the clinical utility of CAR
in MM.

Keywords: multiple myeloma; C-reactive protein; albumin; CRP-to-albumin ratio;
inflammation; renal impairment; survival

1. Introduction

Multiple myeloma (MM) is a hematological malignancy characterized by the clonal
proliferation of plasma cells within the bone marrow and remains an important cause of
cancer-related morbidity and mortality worldwide [1]. The disease accounts for approxi-
mately 10% of hematologic malignancies and represents the second most common hema-
tologic cancer after non-Hodgkin lymphoma [2]. Despite substantial therapeutic advances
in recent decades, including proteasome inhibitors, immunomodulatory drugs, monoclo-
nal antibodies, and cellular therapies, MM remains largely incurable for most patients
because of disease relapse, clonal evolution, and treatment resistance [2]. The disease pre-
sents with a heterogeneous clinical spectrum including osteolytic bone disease, anemia,
hypercalcemia, renal impairment, recurrent infections, and immunodeficiency, all of
which contribute significantly to patient outcomes [3]. Current diagnostic and disease-
defining criteria established by the International Myeloma Working Group emphasize the
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importance of integrating laboratory biomarkers into clinical evaluation, prognostic strat-
ification, and therapeutic decision-making [4].

The prognosis of MM is highly variable and depends not only on tumor burden and
cytogenetic abnormalities but also on host-related factors, comorbidities, nutritional sta-
tus, and systemic inflammatory activity [5]. In recent years, increasing evidence has
demonstrated that cancer-related inflammation plays a central role in tumor progression,
angiogenesis, immune dysregulation, and resistance to therapy, thereby worsening sur-
vival outcomes [6]. These processes are mediated through complex interactions between
malignant plasma cells and the bone marrow microenvironment, including cytokines,
chemokines, stromal cells, and inflammatory signaling pathways [7]. Among these in-
flammatory mediators, interleukin-6 (IL-6) has been identified as one of the most im-
portant cytokines involved in MM pathophysiology because it promotes plasma cell pro-
liferation, inhibits apoptosis, and contributes to treatment resistance [8]. Consequently,
inflammation-based biomarkers have gained increasing attention as accessible, inexpen-
sive, and reproducible prognostic indicators in oncology practice [9].

C-reactive protein (CRP) is a positive acute-phase reactant synthesized primarily by
hepatocytes in response to IL-6 stimulation, whereas serum albumin reflects both nutri-
tional status and the severity of systemic inflammation as a negative acute-phase protein
[10]. Elevated CRP levels have been associated with increased tumor burden and inferior
survival in several malignancies, while hypoalbuminemia has been linked to poor clinical
outcomes and impaired physiological reserve. The CRP-to-albumin ratio (CAR) combines
these two parameters into a single index that reflects both inflammatory burden and nu-
tritional status, thereby potentially providing more comprehensive prognostic infor-
mation than either marker alone [11].

Elevated CAR has been associated with poor prognosis in several solid tumors and
hematological malignancies, demonstrating correlations with aggressive disease behavior,
reduced treatment response, increased disease progression, and decreased survival [12].
Because renal impairment is a major determinant of prognosis in multiple myeloma, the
International Myeloma Working Group has published recommendations for the diagnosis
and management of myeloma-related renal impairment [13]. Recent studies have sug-
gested that CAR may serve as a prognostic biomarker in MM, although available data
remain limited and somewhat heterogeneous [14,15]. In addition, most previous studies
have focused primarily on survival outcomes, while the relationship between CAR and
renal involvement in MM has not been sufficiently investigated.

Renal impairment is one of the most clinically significant complications of MM and
is reported in approximately 20-50% of newly diagnosed patients [16].

Importantly, renal dysfunction is associated with reduced treatment tolerance, im-
paired quality of life, and shorter overall survival. Mechanisms of myeloma-related kid-
ney injury include excessive production of monoclonal free light chains causing direct
tubular toxicity, formation of obstructive light chain casts with Tamm-Horsfall protein
leading to cast nephropathy, activation of proinflammatory and profibrotic signaling
pathways, hypercalcemia-induced renal vasoconstriction and perfusion defects, as well
as deposition diseases such as light chain deposition disease (LCDD) and amyloidosis [17].
Evaluation and classification of renal dysfunction are recommended according to the
KDIGO guidelines, which emphasize the prognostic impact of reduced glomerular filtra-
tion rate in systemic diseases [18].

Given the close interaction between systemic inflammation, organ dysfunction, and
tumor biology, investigating inflammation-based markers such as CAR may provide ad-
ditional clinical and prognostic insight in MM [7]. Identifying simple and cost-effective
biomarkers derived from routine laboratory testing could improve early risk stratification,
facilitate individualized patient management, and guide clinical decision-making [19].
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The aim of this study was to evaluate the association between the CRP-to-albumin
ratio, renal function parameters, and mortality in patients with multiple myeloma.

2. Materials and Methods
2.1. Study Design and Population

This retrospective, single-center observational study was conducted to investigate
the relationship between the C-reactive protein-to-albumin ratio (CAR), renal function
parameters, and mortality in patients diagnosed with multiple myeloma (MM). Patients
who were diagnosed and followed in the hematology clinic between January 2018 and
December 2024 were evaluated retrospectively. The diagnosis of MM was confirmed ac-
cording to the International Myeloma Working Group (IMWG) diagnostic criteria [4].

The study protocol was conducted in accordance with the ethical principles of the
Declaration of Helsinki and was approved by the local institutional ethics committee (De-
cision No: 2026/49) on 22 February 2026.

2.1.1. Inclusion Criteria

e Age=18years;

e  Confirmed diagnosis of multiple myeloma;

e  Availability of serum CRP and albumin measurements at diagnosis;
e Accessible renal function laboratory data and follow-up information.

2.1.2. Exclusion Criteria

e  Active infection at the time of evaluation;

e  Chronic inflammatory or autoimmune disease;
e  Presence of another active malignancy;

e  Missing clinical or laboratory data.

A total of 62 patients met the study criteria and were included in the final analysis.

2.2. Data Collection

Demographic characteristics, laboratory findings, treatment-related variables, and
clinical data were obtained retrospectively from electronic medical records and hospital
databases. Recorded demographic and clinical variables included age, sex, presence of
renal impairment, dialysis requirement, and survival status during follow-up.

The following laboratory parameters measured at the time of diagnosis were rec-
orded:

e  C-reactive protein (CRP, mg/L);

e  Serum albumin (g/dL);

e  Serum creatinine (mg/dL);

. Estimated glomerular filtration rate (¢GFR, mL/min/1.73 m?);
¢  Hemoglobin (g/dL);

e  Calcium (mg/dL);

e  Platelet count (x103/uL);

e  Beta-2 microglobulin (mg/L).

Renal function was evaluated according to Kidney Disease: Improving Global Out-
comes (KDIGO) recommendations [18]. eGFR values were calculated using standard la-
boratory equations routinely used in clinical practice.

Treatment-related variables including autologous stem cell transplantation (ASCT)
status and treatment regimens were also recorded when available.
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2.2.1. Calculation of CRP-to-Albumin Ratio

The CRP-to-albumin ratio (CAR) was calculated using the following formula:
CRP (mg/L)
Albumin (g/dL)

CAR was used as a marker of systemic inflammatory burden and physiological re-

CAR =

serve.

Dialysis status referred to patients who were receiving renal replacement therapy at
the time of diagnosis and did not include dialysis initiated later during follow-up or dis-
ease progression.

2.2.2. Study Endpoints

The primary endpoint of the study was overall survival (OS), defined as the time
from diagnosis to death from any cause or last follow-up.

Secondary endpoints included progression-free survival (PFS) and the relationship
between CAR and renal function parameters. PFS was defined as the time from diagnosis
to disease progression, relapse, or death.

Patients were categorized into survivor and non-survivor groups according to fol-
low-up records.

2.3. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics version 25.0 (IBM Corp.,
Armonk, NY, USA) and MedCalc version 23.0.3 (MedCalc Software Ltd., Ostend, Belgium).

Descriptive statistics were expressed as mean + standard deviation (SD) or median
with interquartile range (25th-75th percentile) for continuous variables, and as frequency
(n) and percentage (%) for categorical variables.

Because no universally accepted optimal cut-off value for CAR exists in MM, the me-
dian CAR value of the study cohort (0.13) was used to dichotomize patients into low CAR
(0.13) and high CAR (>0.13) groups.

Comparisons of continuous variables between the two CAR groups were performed
using Student’s t-test for normally distributed variables or the Mann—-Whitney U test for
non-normally distributed variables. Associations between categorical variables were eval-
uated using the Chi-square test or Fisher’s exact test when appropriate.

For survival analyses, the Kaplan—-Meier method was used to estimate progression-
free survival (PFS) and overall survival (OS) curves according to CAR status. Median sur-
vival times with 95% confidence intervals (CI) were calculated. Differences between sur-
vival curves were assessed using the log-rank test. Hazard ratios (HR) with 95% CI were
calculated to estimate the effect of CAR on survival outcomes.

All statistical tests were two-sided, and a p-value < 0.05 was considered statistically
significant.

3. Results

A total of 62 patients diagnosed with multiple myeloma (MM) were included in the
study. Baseline demographic and clinical characteristics of the study population are sum-
marized in Table 1.

Table 1. Baseline Demographic, Clinical, and Treatment Characteristics of Patients with Multiple
Myeloma (n = 62).

Variable n (%) or Mean + SD
Age (years) 65.9 +£9.9 (42-85)
Sex
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Male
Female
Bone disease
No
Yes
Renal failure
No
Yes
Dialysis
No
Yes
ISS stage
I
I
I
Myeloma type
Kappa light chain
Lambda light chain
IeG
IgA
Treatment regimen
VCD
VRD
DRD
Autologous stem cell transplantation (ASCT)
No
Yes
Cytogenetic risk
Standard
High
Maintenance therapy
No
Yes
Maintenance therapy type
Lenalidomide
Bortezomib
Combination
Treatment response
CR
VGPR
PR
SD
PD
Maintenance after ASCT
No
Yes
Disease progression
Yes
No
Final status
Alive
Deceased
Follow-up duration (months)
Progression-free survival (months)

34 (54.8)
28 (45.2)

53 (85.5)
9 (14.5)

54 (87.1)
8 (12.9)

54 (87.1)
8 (12.9)

31 (50.0)
16 (25.9)
15 (24.2)

7 (11.3)
7 (11.3)
37 (59.7)
11 (17.7)

44 (71.0)
16 (25.8)
2 (3.2)

26 (41.9)
36 (58.1)

49 (79.0)
13 (21.0)

41 (66.1)
21 (33.9)

16 (76.2)
2 (9.5)
3 (14.3)

11(17.7)
40 (64.5)
2 (3.2)
2(3.2)
7 (11.3)

27 (43.5)
35 (56.5)

34 (54.8)
28 (45.2)

50 (80.6)
12 (19.4)
46.6 +34.5
304 +25.1

stable disease; PD: progressive disease.

Note: Values are presented as mean + standard deviation (SD) for continuous variables and number
(percentage) for categorical variables. ISS: International Staging System; ASCT: autologous stem cell

transplantation; CR: complete response; VGPR: very good partial response; PR: partial response; SD:
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The mean age was 65.9 £ 9.9 years (range: 42-85 years), and there was a slight male
predominance (54.8%, n = 34). Bone disease was present in 14.5% (n =9) of patients, while
renal failure at diagnosis was observed in 12.9% (n = 8). Similarly, 12.9% (n = 8) of patients
required dialysis treatment during the disease course.

According to the International Staging System (ISS), 50% (n = 31) of patients were
classified as stage I, 25.9% (n = 16) as stage II, and 24.2% (n = 15) as stage III disease. Mye-
loma subtype distribution demonstrated IgG myeloma as the most frequent subtype
(59.7%, n=37), followed by IgA myeloma (17.7%, n=11), kappa light chain disease (11.3%,
n=7), and lambda light chain disease (11.3%, n=7).

Treatment characteristics revealed that the majority of patients received bortezomib-
based triplet regimens. VCD (bortezomib-cyclophosphamide-dexamethasone) was admin-
istered in 71% (n = 44) of patients, while VRD (bortezomib-lenalidomide-dexamethasone)
and DRD (daratumumab-lenalidomide-dexamethasone) were used in 25.8% (n=16) and 3.2%
(n=2) of patients, respectively. Autologous stem cell transplantation (ASCT) was performed
in 58.1% (n=36) of patients. Cytogenetic risk evaluation showed that 79% (n=49) of patients
were categorized as standard risk and 21% (n=13) as high risk.

Maintenance therapy was administered in 33.9% (n = 21) of patients, most commonly
lenalidomide-based therapy (76.2%). Evaluation of treatment response demonstrated that
very good partial response (VGPR) was the most common response category, observed in
64.5% (n = 40) of patients, followed by complete response (CR) in 17.7% (n = 11). Partial
response (PR), stable disease (SD), and progressive disease (PD) were observed in 3.2%,
3.2%, and 11.3% of patients, respectively. Disease progression developed in 54.8% (n = 34)
of patients during follow-up, while 19.4% (n = 12) of patients died. The mean follow-up
duration was 46.6 + 34.5 months, and the mean progression-free survival (PFS) duration
was 30.4 = 25.1 months.

Laboratory characteristics of the study cohort are presented in Table 2.

Table 2. Baseline Laboratory Parameters of Patients with Multiple Myeloma (n = 62).

Parameter Mean = SD Median (Min-Max)
CRP (mg/L) 12.59 +23.03 3.4 (0.05-148)
Albumin (g/dL) 3.84+0.59 3.9 (2.5-5.0)
CRP/Albumin ratio (CAR) 0.50 + 1.08 0.13 (0.01-5.92)
Creatinine (mg/dL) 1.13+£1.16 0.89 (0.40-7.47)
Platelet count (x103/pL) 209.2 +82.2 183.5 (67-400)
Beta-2 microglobulin (mg/L) 6.09 + 8.83 3.5 (1.6-51)
Calcium (mg/dL) 8.96 +0.70 9.0 (7.5-10.6)
Hemoglobin (g/dL) 10.64 £2.02 10.35 (7.3-15.7)
eGFR (mL/min/1.73 m?2) 84.2+29.1 91.5 (8-120)
Neutrophil-to-lymphocyte ratio (NLR) 2.41+1.31 2.12 (0.42-6.18)

Note: CRP: C-reactive protein; CAR: CRP/albumin ratio; eGFR: estimated glomerular filtration rate;
NLR: neutrophil-to-lymphocyte ratio.

The mean CRP level was 12.59 + 23.03 mg/L, with a median value of 3.4 mg/L (range:
0.05-148 mg/L). Mean serum albumin level was 3.84 + 0.59 g/dL, and the median CRP-to-
albumin ratio (CAR) was 0.13 (range: 0.01-5.92). The mean CAR value was 0.50 + 1.08.

Evaluation of renal function parameters demonstrated a mean serum creatinine level
of 1.13 + 1.16 mg/dL and a mean estimated glomerular filtration rate (eGFR) of 84.19 +
29.08 mL/min/1.73 m?, indicating a broad distribution of renal function within the cohort.
Hematologic and biochemical analyses revealed a mean hemoglobin level of 10.64 + 2.02
g/dL, platelet count of 209,177 + 82,154/mm?, beta-2 microglobulin level of 6.09 + 8.83 mg/L,
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and calcium level of 8.96 + 0.70 mg/dL. The mean neutrophil-to-lymphocyte ratio (NLR),

another inflammation-related marker, was 2.41 + 1.31.

Because no universally accepted CAR cut-off value exists in MM, the median CAR
value of the study cohort (0.13) was used to classify patients into low CAR (<0.13, n=33)
and high CAR (>0.13, n = 29) groups. Demographic and clinical characteristics according

to CAR status are presented in Table 3.

Table 3. Demographic and Clinical Characteristics According to CAR Groups.

Variable

Low CAR<0.13 (n= High CAR>0.13 (n= p-

33) 29) Value
Age (years), mean + SD 67.3+10.2 64.4+9.6 0.26*
Sex, n (%) 0.96 +
Male 18 (54.5) 16 (55.2)
Female 15 (45.5) 13 (44.8)
Bone disease, n (%) 0.99 +
No 28 (84.8) 25 (86.2)
Yes 5(15.2) 4 (13.8)
Renal failure, n (%) 0711
No 28 (84.8) 26 (89.7)
Yes 5(15.2) 3(10.3)
Dialysis requirement, n (%) 0.04 +
No 26 (78.8) 28 (96.6)
Yes 7(21.2) 1(3.4)
ISS stage, n (%) 0.66 t
I 16 (48.5) 15 (51.7)
I 10 (30.3) 6 (20.7)
III 7(21.2) 8 (27.6)
Myeloma subtype, n (%) 0.53 t
Kappa light chain 4 (12.1) 3(10.3)
Lambda light chain 3(9.1) 4 (13.8)
IeG 18 (54.5) 19 (65.5)
IgA 8(24.2) 3(10.3)
Treatment regimen, n (%) 0.99 t
VCD 23 (69.7) 21 (72.4)
VRD 9(27.3) 7 (24.1)
DRD 1(3.0) 1(3.4)
ASCT, n (%) 0.66 t
No 13 (39.4) 13 (44.8)
Yes 20 (60.6) 16 (55.2)
Cytogenetic risk, n (%) 023t
Standard 28 (84.8) 21 (72.4)
High 5(15.2) 8 (27.6)
Maintenance therapy, n (%) 024+
No 24 (72.7) 17 (58.6)
Yes 9(27.3) 12 (41.4)
Maintenance therapy type, n (%) 0.03*
Lenalidomide 6 (66.7) 10 (83.3)
Bortezomib 0 (0) 2 (16.7)
Combination 3(33.3) 0(0)
Treatment response, n (%) 0.87 +
CR 4(12.1) 7 (24.1)
VGPR 23 (69.7) 17 (58.6)
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PR 1(3.0) 1(3.4)
SD 1(3.0) 1(3.4)
PD 4 (12.1) 3 (10.3)
Maintenance after ASCT, n (%) 0.85
No 14 (42.4) 13 (44.8)
Yes 19 (57.6) 16 (55.2)
Disease progression, n (%) 0.20 +
Yes 21 (63.6) 13 (44.8)
No 12 (36.4) 16 (55.2)
Final status, n (%) 0.99 +
Alive 27 (81.8) 23 (79.3)
Deceased 6 (18.2) 6 (20.7)

Note: Values are presented as mean + SD or n (%). Low CAR <0.13; High CAR > 0.13. * Student’s ¢-
test for continuous variables; + Chi-square test for categorical variables. A p-value < 0.05 was con-
sidered statistically significant. Abbreviations: ISS, International Staging System; VCD, bortezomib,
cyclophosphamide, and dexamethasone; VRD, bortezomib, lenalidomide, and dexamethasone;
DRD, daratumumab, lenalidomide, and dexamethasone; ASCT, autologous stem cell transplanta-

tion.

The mean age was similar between the low and high CAR groups (67.3 +10.2 vs. 64.4
+9.6 years, p = 0.26). Sex distribution was also comparable, with male patients accounting
for 54.5% and 55.2% of the low and high CAR groups, respectively (p = 0.96). No statisti-
cally significant differences were observed between CAR groups regarding bone disease,
ISS stage, myeloma subtype, treatment regimen, ASCT status, cytogenetic risk, mainte-
nance therapy administration, treatment response, post-transplant maintenance therapy,
disease progression, or mortality (all p > 0.05).

Renal involvement according to CAR status demonstrated that renal failure was ob-
served in 15.2% of patients in the low CAR group and 10.3% in the high CAR group (p =
0.71). Interestingly, dialysis requirement was significantly more frequent in the low CAR
group compared with the high CAR group (21.2% vs. 3.4%, p = 0.04). This finding was
unexpected and should be interpreted cautiously given the relatively limited sample size
and retrospective design of the study.

Evaluation of treatment-related variables showed that ASCT was performed in 60.6%
of patients in the low CAR group and 55.2% of patients in the high CAR group (p = 0.66).
Cytogenetic high-risk disease tended to be more frequent among patients with elevated
CAR values (26.4% vs. 15.2%), although the difference did not reach statistical significance
(p = 0.23). Similarly, maintenance therapy use was numerically higher in the high CAR
group (41.4% vs. 27.3%, p =0.24).

Assessment of laboratory parameters according to CAR status is summarized in Ta-
ble 4.

Table 4. Laboratory Measurements According to CAR Groups.

Parameter Low CAR (£0.13) High CAR (>0.13) p-Value
Creatinine (mg/dL), median o 50 119) 0,90 (0.75-1.00) 035+
(IQKR)
Platelet count (x10%/uL), me-
180 (149-2 244 (143- 20t
dian (IQR) 80 (149-255) (143-303) 0.20
Beta-2 microglobulin (mg/L),
median (I0R) 3.5 (2.3-5.5) 3.5 (2.75-5.3) 0.64 +
Calcium (mg/dL), mean + SD 9.04 +0.58 8.57 +£0.82 0.30 *
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Hemoglobin (g/dL), mean +

o 10.79 +2.18 10.48 + 1.84 0.55 *
1 2
eGFR (mlL/min/1.73 m?), 86.31 +20.92 81.79 +27.17 0.55 *
mean = SD
NLR, mean + SD 22+1.1 27+14 0.10*

Note: Values are presented as mean + SD or median (interquartile range) as appropriate, Low CAR
<0.13, High CAR > 0.13, * Student’s t-test; t Mann—Whitney U test, A p-value <0.05.

Median serum creatinine levels were comparable between the low and high CAR
groups [0.80 mg/dL (0.50-1.19) vs. 0.90 mg/dL (0.75-1.00), p = 0.35]. Likewise, no statisti-
cally significant differences were detected regarding platelet count, beta-2 microglobulin
level, calcium level, hemoglobin level, or eGFR (all p > 0.05).

The mean eGFR values were 86.31 + 20.92 mL/min/1.73 m? in the low CAR group and
81.79 + 27.17 mL/min/1.73 m? in the high CAR group (p = 0.55). Although renal function
parameters did not differ significantly between groups, the neutrophil-to-lymphocyte ra-
tio (NLR) tended to be higher in the high CAR group (2.7 £ 1.4 vs. 2.2 + 1.1, p = 0.10),
suggesting increased systemic inflammatory activity among patients with elevated CAR
values.

Survival analyses were performed using the Kaplan-Meier method and are summa-
rized in Tables 5 and 6.

Table 5. Overall Survival According to CAR Groups.

Mean OS
D ival H Ra-
CAR Status eceased n Alive n (%) Surv1v.a (Months) . azard Ra Log-Rank p
(%) Proportion tio (95% CI)
(95% CI)
1. 55—
>0.13 6 (20.7) 23 (79.3) 0.27 89 (66-112) 82 (107)5 > 0.32
123 (100-
<0.13 6 (18.2) 27 (81.8) 0.6 231416())0 Reference
Overall 12 (19.4) 50 (80.6) 0.47 113 (94-133) — —

Note: OS: overall survival; CI: confidence interval. Hazard ratio calculated for the high CAR group
(>0.13) relative to the low CAR group (<0.13). Survival curves were compared using the log-rank

test.

Table 6. Progression-Free Survival According to CAR Groups.

Median
CAR Sta- Progression n No Progres- PFS Propor- PFS Hazard Ra- Log-Rank
tus (%) sion n (%) tion (Months) tio (95% CI) p
(95% CI)
1.73 (0.80-
>0.13 16 (55.2) 13 (44.8) 0 36 (13-126) 3 (76) 0.16
<0.13 12 (36.4) 21 (63.6) 0.42 60 (36-60) Reference
Overall 28 (45.2) 34 (54.8) 0 42 (32-126) — —

Note: PFS: progression-free survival; CI: confidence interval. Hazard ratio calculated for the high
CAR group (>0.13) relative to the low CAR group (<0.13). Survival curves were compared using the
log-rank test.

During follow-up, death occurred in 12 patients (19.35%). The mean overall survival
(OS) for the entire cohort was 113 months (95% CI: 94-133 months), with an overall sur-
vival probability of 47%.
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When stratified according to CAR status, patients with CAR > 0.13 had a shorter
mean OS compared with patients with CAR < 0.13 [89 months (95% CI: 66-112) vs. 123
months (95% CI: 100-146)]. Patients in the high CAR group also demonstrated a lower
survival probability (27% vs. 60%). Although the difference in OS between groups was
not statistically significant (log-rank p = 0.32), elevated CAR was associated with a 1.85-
fold increased mortality risk (HR: 1.85, 95% CI: 0.55-6.17). Kaplan—-Meier survival curves
demonstrated an earlier decline in survival probability among patients with elevated CAR
values (Figure 1).

— CAR>0.13
""" CAR=<0.13

1 1 1 1 I 1 I+ 1+ + + + + 1+ + 1 1 1 1 1 1 1 |

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102 108 114 120 126 132 138 144 150 156

Number at risk
Group: CAR>0.13

Timegmonths)

29 26 21 17 14 13 10 8 6 6 5 5 5 4 4 3 2 2 2 2 1 0 0 0 0O 0 O

Group: CAR<0.13

33 31 27 25 24 22 20 177 17 15 1 10 9 9 9 6 6 5 &5 4 2 2 2 2 1 1 0

Figure 1. Overall Survival (OS) Probabilities Over Time According to CRP/Albumin Ratio (CAR)
Group.

Kaplan-Meier curve showing overall survival (OS) probabilities over time according
to CAR groups (low < 0.13, high > 0.13). High CAR group shows earlier decline in OS.

Progression-free survival analyses revealed similar findings. Disease progression de-
veloped in 45.16% (n = 28) of patients overall. Median PFS for the entire cohort was 42
months (95% CI: 32-126 months). Patients with CAR > 0.13 had shorter PFS compared
with patients with CAR <0.13 [36 months (95% CI: 13-126) vs. 60 months (95% CI: 36-60)].
Furthermore, the progression rate was numerically higher in the high CAR group (55.17%
vs. 36.36%). Elevated CAR was associated with a 1.73-fold increased progression risk (HR:
1.73, 95% CI: 0.80-3.76), although this difference was not statistically significant (log-rank
p = 0.16). Kaplan—Meier curves demonstrated a trend toward earlier disease progression
among patients with elevated CAR values (Figure 2).
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Figure 2. Progression-Free Survival (PFS) Probabilities Over Time According to CRP/Albumin Ratio
(CAR) Groups.

Kaplan—-Meier curve showing progression-free survival (PFS) probabilities over time
according to CAR groups. High CAR group shows earlier progression compared to low
CAR group.

Overall, patients with elevated CAR values demonstrated trends toward shorter
overall survival, shorter progression-free survival, increased inflammatory activity, and
increased progression risk. However, most demographic, clinical, and laboratory charac-
teristics were comparable between CAR groups. These findings suggest that CAR may
reflect systemic inflammatory burden rather than directly representing tumor burden or
baseline clinical characteristics. Nevertheless, given the lack of statistical significance in
survival analyses and the unexpected dialysis findings, these results should be interpreted
cautiously and validated in larger prospective studies.

4. Discussion

In this retrospective observational study including 62 patients with multiple mye-
loma (MM), we investigated the relationship between the C-reactive protein-to-albumin
ratio (CAR), renal function parameters, and survival outcomes. Our findings demon-
strated that patients with elevated CAR values tended to have shorter overall survival
(OS) and progression-free survival (PES), higher inflammatory activity, and increased
progression risk compared with patients with lower CAR values. Although these differ-
ences did not reach statistical significance, the observed trends support the potential as-
sociation between systemic inflammation and adverse clinical outcomes in MM. In addi-
tion, an unexpected association between lower CAR values and higher dialysis
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requirement was observed, highlighting the complex relationship between inflammation
and renal dysfunction in MM.

Multiple myeloma is characterized not only by malignant plasma cell proliferation
but also by a highly active inflammatory bone marrow microenvironment. Interactions
between plasma cells, stromal cells, cytokines, and immune mediators contribute to dis-
ease progression, angiogenesis, immune dysregulation, and resistance to therapy [6-8].
Among inflammatory mediators, interleukin-6 (IL-6) plays a particularly important role
in MM biology by promoting plasma cell growth and survival [8]. CRP is synthesized in
response to IL-6 stimulation, whereas albumin levels decrease during systemic inflamma-
tory states [10]. Therefore, CAR may reflect both inflammatory burden and physiological
reserve more comprehensively than either parameter alone.

Inflammation-based prognostic biomarkers have gained increasing attention in he-
matologic malignancies because they are inexpensive, reproducible, and easily accessible
in routine clinical practice [9]. Elevated CAR has been associated with inferior survival
outcomes in several solid tumors and hematologic malignancies [12,15,20,21]. In MM spe-
cifically, Chen et al. demonstrated that elevated CAR was independently associated with
shorter OS and PFS in a large cohort study involving 321 patients [14]. Similarly, meta-
analyses evaluating inflammation-based biomarkers across malignancies have consist-
ently reported poorer survival outcomes in patients with elevated CAR values [15,20].

Consistent with previous literature, patients with CAR > 0.13 in our study demon-
strated shorter mean OS (89 vs. 123 months) and shorter median PFS (36 vs. 60 months)
compared with patients with lower CAR values. Furthermore, elevated CAR was associ-
ated with a 1.85-fold increase in mortality risk and a 1.73-fold increase in progression risk.
Although these findings were not statistically significant, likely because of the relatively
limited sample size, the observed trends are clinically notable and parallel previous re-
ports suggesting that systemic inflammation may adversely affect disease progression
and survival in MM [14,15].

Interestingly, most demographic and disease-related characteristics, including age,
sex, ISS stage, myeloma subtype, treatment regimen, cytogenetic risk status, and ASCT
application, were comparable between low and high CAR groups. These findings suggest
that CAR may reflect systemic inflammatory activity relatively independently from base-
line disease characteristics. Similarly, treatment response categories including CR, VGPR,
PR, SD, and PD were not significantly different between groups. This observation may
indicate that CAR is more closely associated with inflammatory status than with immedi-
ate treatment response patterns.

In our cohort, ASCT was performed in more than half of the patients, and the major-
ity received modern bortezomib-based triplet regimens. Additionally, maintenance ther-
apy was commonly administered, predominantly lenalidomide-based treatment. These
findings reflect current contemporary treatment approaches in MM and increase the clin-
ical relevance of the study population. Despite these modern therapeutic strategies, ap-
proximately half of the patients developed disease progression during follow-up, empha-
sizing the ongoing prognostic heterogeneity of MM and the need for additional bi-
omarkers that may improve risk stratification.

Renal dysfunction remains one of the most important complications of MM and is
strongly associated with increased morbidity and mortality [13,16]. Myeloma-related re-
nal injury develops through multiple mechanisms including free light chain-mediated
tubular toxicity, cast nephropathy, hypercalcemia-related renal vasoconstriction, inflam-
matory injury, and deposition diseases such as amyloidosis and light chain deposition
disease [17]. In the present study, renal impairment and dialysis requirement were ob-
served in approximately 13% of patients. However, no statistically significant association
was observed between CAR and creatinine levels or eGFR values.
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Unexpectedly, dialysis requirement was significantly more frequent in the low CAR
group. This finding should be interpreted cautiously and may be related to the relatively
limited sample size, retrospective design, and potential confounding factors. The relation-
ship between systemic inflammation and renal dysfunction in MM is highly complex and
may not always demonstrate a direct linear association. Furthermore, dialysis require-
ment in MM can be influenced by multiple factors including acute light chain burden,
timing of diagnosis, supportive treatment measures, and reversibility of renal injury
[13,17]. Therefore, larger prospective studies are required to clarify the relationship be-
tween CAR and renal outcomes in MM.

Evaluation of laboratory parameters demonstrated no statistically significant differ-
ences between CAR groups regarding creatinine, eGFR, hemoglobin, platelet count, beta2
microglobulin, or calcium levels. However, the neutrophil-to-lymphocyte ratio (NLR), an-
other marker of systemic inflammation, tended to be higher in patients with elevated CAR
values. This observation further supports the hypothesis that CAR primarily reflects in-
flammatory activity rather than direct tumor burden or isolated renal dysfunction.

Although CAR showed associations with trends toward shorter survival outcomes,
statistical significance was not achieved in Kaplan—Meier analyses. These findings suggest
that CAR alone may not be sufficient as a definitive prognostic marker in relatively small
cohorts and may require integration with established prognostic systems such as ISS stag-
ing, cytogenetic risk classification, and additional inflammatory biomarkers. Future stud-
ies using multivariable Cox regression analyses and larger patient populations may better
clarify the independent prognostic value of CAR and establish optimal cut-off thresholds
for clinical use.

The present study has several limitations. First, the retrospective single-center design
may introduce selection bias and limit generalizability. Second, the relatively small sam-
ple size may have reduced statistical power, particularly in subgroup and survival anal-
yses. Third, serial CAR measurements during treatment were not available, preventing
assessment of dynamic inflammatory changes over time. Finally, molecular and cytoge-
netic details were limited in some patients because of the retrospective nature of the study.
Future prospective multicenter studies including larger and more clinically homogeneous
cohorts with careful characterization of relevant comorbidities are warranted to validate
the prognostic value of CAR and to determine its potential role in routine risk stratifica-
tion of patients with multiple myeloma.

Despite these limitations, our study has important strengths. The study included de-
tailed clinical, laboratory, treatment, transplantation, and survival data from a real-world
MM cohort. In addition, both renal outcomes and survival analyses were evaluated sim-
ultaneously, providing a broader assessment of the potential clinical significance of CAR
in MM.

5. Conclusions

In conclusion, the CRP-to-albumin ratio appears to reflect systemic inflammatory
burden rather than serve as a definitive standalone prognostic marker in this cohort of
patients with multiple myeloma. Elevated CAR values were associated with trends to-
ward shorter overall survival and progression-free survival, while most baseline demo-
graphic and clinical characteristics remained comparable between groups. The unex-
pected association between lower CAR values and higher dialysis requirement further
highlights the complex relationship between inflammation and renal dysfunction in MM.
Overall, CAR may represent a simple, inexpensive, and clinically accessible complemen-
tary biomarker reflecting inflammatory activity in MM. However, larger prospective mul-
ticenter studies are needed to clarify its prognostic value and potential role in risk strati-
fication and clinical decision-making.
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