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Purpose: This study aimed to evaluate whether integrating the CRP/Albumin Ratio (CAR) and Lactate Dehydrogenase (LDH) levels
into the Modified Glasgow Prognostic Score (mGPS) enhances its prognostic accuracy in patients with multiple myeloma (MM).
Patients and Methods: A single-center retrospective study was conducted on patients diagnosed with multiple myeloma (MM) at
Afyonkarahisar Health Sciences University between 2017 and 2023. Demographic, clinical, and laboratory data including mGPS,
CAR, LDH, and ISS staging were collected. Survival outcomes were assessed using Kaplan-Meier curves, and Cox regression models
were used to determine prognostic factors.

Results: Among the 130 patients, the ISS score was the strongest predictor of mortality (HR = 1.63, 95% CI: 1.27-2.09, p = 0.0001).
mGPS 2 combined with LDH > 250 TU (HR = 1.96, 95% CI: 1.32-2.92) and CAR > 0.51 (HR = 1.71, 95% CI: 1.16-2.53) were
independent risk factors. mGPS alone remained a consistent prognostic marker (HR = 1.42, 95% CI: 1.14-1.77). One-year survival
was 50.0% in the mGPS 2 group, dropping to 30.3% at two years. The mGPS 2 + LDH > 250 IU group had the poorest survival
(39.5% to 23.3%), followed by the mGPS 2 + CAR > 0.51 group (44.9% to 28.6%). Median PFS was 28.0, 47.0, and 9.0 months in
mGPS0, mGPS1, and mGPS2, respectively (p < 0.001), with mGPS2 showing significantly shorter PFS. mGPS2, CAR, LDH, and
their combinations were independent predictors of progression. In mGPS2, OS and PFS declined steadily over 36 months, with the
lowest long term PFS in the CAR elevated subgroup.

Conclusion: Integrating CAR and LDH into the mGPS offers a cost-effective and accessible approach to improve risk stratification in
patients with MM. This enhanced model provides a comprehensive assessment of systemic inflammation and tumour burden,
supporting its potential use in clinical decision making.
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Introduction
Multiple myeloma (MM) is a haematological malignancy characterised by clonal proliferation of abnormal plasma cells
in the bone marrow and extramedullary tissues, leading to various complications. Epidemiologically, MM accounts for
approximately 1% of all cancers and 10% of haematological malignancies. In the United States, approximately 35,000
new cases are diagnosed annually, and nearly 13,000 deaths are attributed to the disease. The incidence of MM increases
with age and is typically observed in individuals over 60 years old." In Turkey, multiple myeloma accounts for
approximately 1% of all cancer cases. Among hematologic malignancies, its incidence is estimated to be around
2-3%.% Mortality was recorded at 4.9 per 100,000 people in 2019, with an average 10-year survival rate of 33%.’
Prognosis in MM varies widely, and accurate risk stratification is essential for guiding treatment decisions. The
International Staging System (ISS), and its revised versions (R-ISS and R2-ISS), remain the most widely used prognostic
models. While ISS is simple (using beta-2 microglobulin and albumin levels) and widely applicable, R-ISS and R2-ISS
require cytogenetic and molecular data (del(17p), t(4;14), t(14;16), 1q21, LDH) that may not be readily available in all
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clinical settings, particularly in resource limited environments.* In 2022, the European Myeloma Network (EMN)
introduced the Second Revision of the International Staging System (R2-ISS), which incorporates 121 gain in addition
to the R-ISS criteria. R2-ISS integrates factors such as ISS stage, LDH (lactate dehydrogenase) levels, 1g21 gain, del
(17p), and t(4;14), categorising patients into four risk groups and offering a more precise prognosis assessment.
According to the report, the median Overall Survival (OS) and Progression-Free Survival (PFS) were found to be 109
and 68 months, respectively, in Stage II, while these values decreased to 37 and 19.9 months in Stage IV.” The ISS is
simple, cost-effective, and can be easily applied to every MM patient, whereas the R-ISS requires genetic analyses
available only in advanced centers, making it more expensive and less accessible for all institutions. In the disease
process, to improve prognostic prediction using more accessible parameters, various biochemical and inflammatory
markers such as CRP, albumin, LDH, and the CRP/albumin ratio (CAR) have been evaluated in both solid and
hematologic malignancies. The modified Glasgow Prognostic Score (mGPS), based on CRP and albumin levels, has
been shown to predict survival in several cancers. Similarly, elevated LDH and high CAR values have been associated
with worse outcomes in MM.®'°

Inflammation is the immune system’s response to harmful agents, initially serving as a protective mechanism but
becoming one of the fundamental processes underlying various complications when it progresses uncontrollably. This
cascade of responses can trigger numerous biological processes that are involved in the development and progression of
cancer. Commonly used clinical biomarkers include CRP, albumin, fibrinogen, ferritin, and IL-6, which are widely
utilised for prognostic evaluation of various diseases. The combined use of these markers improves the accuracy of
prognostic predictions. One example is the GPS, which evaluates the systemic inflammatory response and nutritional
status based on serum CRP and albumin levels and is frequently used in solid organ tumours.'' The mGPS utilises the
same parameters as the original GPS but gives greater weight to the inflammatory component. For instance, patients with
low albumin levels are still assigned a score of 0 if their CRP level is not elevated. This modification has been shown to
better correlate with patient survival. The mGPS was calculated on a scale of 0, 1, or 2 as follows: CRP < 10 mg/L = 0,
CRP > 10 mg/L = 1, and CRP > 10 mg/L with albumin < 35 g/L. = 2. This studies have shown that in hepatocellular,
colon, lung, and other solid organ cancers, patients with a high mGPS score of 2 have lower OS, PFS, and disease-free
survival than those with lower mGPS.'*"'> In one study, the GPS demonstrated prognostic value in newly diagnosed
angioimmunoblastic T-cell lymphoma (AITL) patients, showing that those with higher scores were associated with worse
survival, suggesting that GPS could serve as an independent prognostic factor in AITL patients.'® Additionally, in two
multicenter studies, the impact of GPS at the time of diagnosis on survival in MM patients was evaluated, and it was
found that patients with higher GPS scores had significantly lower OS and PFS values.'”'®

Elevated LDH levels are indicative of an aggressive disease course and poorer outcomes. The prognostic significance
of LDH lies in its role in tumour cell metabolism and cellular degradation. Empirical evidence has shown that the LDH
concentration correlates with disease severity and cellular proliferation in MM. Increased LDH levels were associated
with shorter OS and reduced treatment efficacy. Numerous studies have established that incorporating LDH into
prognostic models enhances the accuracy of long-term survival prediction. This is particularly important in multifactorial
risk assessment tools, such as the R-ISS, which improve prognostic accuracy and predictive capability.'*°

The CAR is a biomarker used to evaluate inflammatory processes in the body. Increased CRP and decreased albumin
levels, which are considered acute-phase reactants, indicate the severity of inflammation and allow for the assessment of
nutritional status. Although there are no definitive reference values, a CAR of generally between 0.5 and 1 is considered
normal. A ratio >1 indicates high inflammation, while a ratio <0.5 suggests a lower inflammatory process.”'** The
prognostic significance of this ratio has been demonstrated, particularly in haematologic and solid organ cancers. Studies
have shown that low ratios provide statistically significant advantages in OS and PFS in patients with acute myeloid
leukemia (AML), MM, and myelofibrosis.** >

Inflammation-based scores like mGPS, CAR, and LDH retain prognostic value independently of molecular profiling.
Moreover, previous studies have not adequately assessed the combined utility of these markers in MM. Therefore, this
study aims to evaluate the prognostic significance of mGPS in combination with CAR and LDH in MM patients, using
data obtainable without advanced genetic testing. This approach could provide a more accessible and cost-effective risk
stratification tool, especially for use in centers lacking molecular diagnostics.
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Materials and Methods

This retrospective study included patients diagnosed with multiple myeloma at Afyonkarahisar Health Sciences University
Faculty of Medicine Hospital, Department of Hematology between 2017 and 2023. A total of 130 patients were included in the
study, of whom 81 were male and 49 were female. Inclusion criteria required a confirmed diagnosis according to the International
Myeloma Working Group (IMWG) criteria, and included only patients without other organ malignancies, without rheumatologic
diseases, and without signs of infection at the time of evaluation. Complete demographic, clinical, and laboratory data, and
demographic variables including age, sex, and OS. Clinical data included the type of monoclonal immunoglobulin (IgG, IgA, or
IgM), light chain subtype (kappa or lambda), bone marrow plasma cell infiltration percentage, and biochemical and haemato-
logical parameters, such as haemoglobin (Hgb) (g/dL), platelet count (PIt) (10°/L), neutrophil count (Neu) (10°/L), corrected
serum calcium (ca) (mg/dL), serum creatinine (creatinine) (mg/dL), beta-2 microglobulin (f2-mg) (mg/L), LDH (U/L), and CRP
(mg/L). Serum albumin levels (g/dL) and ISS stages (1, II, and III) were recorded. Disease-specific markers, including bone lesion
presence and extent as determined by radiological imaging and erythrocyte sedimentation rate (ESR; mm/h), were also assessed.

Laboratory parameters were determined using standard clinical laboratory methods. Serum protein electrophoresis
and immunofixation were used to identify monoclonal proteins and light chain subtypes. Bone marrow involvement was
evaluated using aspirates and biopsy specimens. Imaging modalities such as X-ray, MRI, and PET-CT were employed to
identify lytic bone lesions.

The CRP/albumin ratio (CAR) was calculated by dividing the serum CRP level (mg/L) by the serum albumin level
(g/L), both obtained from patients’ laboratory data during the initial diagnostic workup for multiple myeloma. CAR was
used as an integrated biomarker reflecting systemic inflammation and nutritional status. For statistical analysis, CAR was
categorised according to the median value calculated from the study cohort to determine its prognostic relevance.

Patients were initially stratified into three prognostic categories based on the modified Glasgow Prognostic Score
(mGPS 0, 1, or 2). Within the high-risk mGPS2 category, additional subgrouping was performed:

1. mGPS2 + high CAR—vpatients with CAR values above the cohort median.
2. mGPS2 + elevated LDH—patients with LDH > 250 IU.

Kaplan—Meier survival analysis and Cox proportional hazards regression were then applied to compare progression-free
survival (PFS) and overall survival (OS) between these subgroups. This approach aimed to evaluate whether incorporat-
ing CAR or LDH into the mGPS2 classification could enhance prognostic stratification and improve the accuracy of
survival probability estimation compared with mGPS alone.

The study was approved by the Afyonkarahisar Health Sciences University Faculty of Medicine Ethics Committee
2024/7, and written informed consent was obtained from all participants in accordance with the Declaration of Helsinki.

Modified Glasgow Prognostic Score
mGPS is a widely used inflammation-based prognostic system that incorporates CRP and serum albumin levels. In this
scoring system, patients are assigned a score of 0, 1, or 2 based on the following criteria:

mGPS 0: CRP < 10 mg/L, regardless of albumin level

mGPS 1: CRP > 10 mg/L and albumin > 35 g/L

mGPS 2: CRP > 10 mg/L and albumin < 35 g/L

This score reflects both the systemic inflammatory response and the nutritional status of patients. It has been shown to
correlate with disease progression and overall survival in various malignancies, including multiple myeloma. In our
study, patients were stratified into mGPS groups to evaluate its prognostic significance in relation to CRP/Albumin ratio
and LDH levels.

Statistical Analysis
Statistical analysis was performed to evaluate the prognostic significance of the various clinical and biochemical
parameters. Descriptive statistics are expressed as mean =+ standard deviation (SD) or percentages, as appropriate.
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Continuous variables between groups were compared using one-way ANOVA or Kruskal-Wallis test, depending on the
distribution of the data. Categorical variables were analysed using the chi-square or Fisher’s exact tests. Kaplan-Meier
survival analysis was performed to estimate overall survival (OS) across different groups, and the Log rank test was used
to compare survival curves. Cox proportional hazards regression models were applied to assess the independent
prognostic significance of the mGPS, ISS, CAR, LDH, and combined markers (mGPS + CAR > 0.51, mGPS + LDH
> 250 IU). CAR, ROC curve analysis was performed. AUC was calculated to assess the overall discriminative ability of
CAR. The optimal cut-off value was identified by maximizing the Youden-J index (J = sensitivity + specificity — 1),
which provides the point that best balances sensitivity and specificity. Hazard ratios (HR) with 95% confidence intervals
(CI) were calculated to quantify the strength of the associations.

Results

The demographic and clinical characteristics of the patients were analysed based on mGPS groups. A total of 130
patients were included in the study, of whom 81 were male and 49 were female. The demographic and clinical
characteristics of the patients were analyzed according to the modified Glasgow Prognostic Score (mGPS) groups.
The mean age of the study population was 68.2 + 10.2 years, with no statistically significant differences between groups
(p = 0.329) (Table 1). All patients received VCD, while VRD use was highest in mGPS1 (50%) and lowest in mGPS0
and mGPS2 (~36%). Lenalidomide maintenance was more common in mGPS2 (41.3%) versus mGPS0O and mGPS1
(16.7%). DRD and CRD regimens were also more frequent in mGPS1. ASCT rates were similar across groups (39—44%)
(Table 2). Progressive and refractory disease were notably higher in mGPS2 (38.7% and 40%), while stable disease and
remission were less frequent compared to lower mGPS categories. Ig G Kappa was the predominant monoclonal protein
type (36.4%), followed by Ig G Lambda (21.5%) and Ig A Kappa (13.1%). A statistically significant difference was
observed in the kappa-free light chain group (p = 0.029). CRP levels were significantly elevated in the mGPS 2 group
(37.22 + 35.86 mg/dL) compared to the mGPS 0 group (3.96 + 2.62 mg/dL) (p < 0.001). Albumin levels were
significantly lower in the mGPS 2 group (29.66 + 4.21 g/L) compared to the mGPS 0 group (35.28 £ 7.37 g/L) (p <
0.001). CAR values exhibited significant variation between the groups (p < 0.001). The ISS stage distribution revealed
that 57.3% of patients with Stage III disease had significantly poorer outcomes (p < 0.001). Statistically significant
differences were observed in LDH, creatinine, calcium, haemoglobin, WBC count, and globulin levels among the
subgroups. LDH (303.32 + 172.70 U/L, p = 0.014) and creatinine (2.09 + 2.08 mg/dL, p = 0.0076) levels were elevated
in the mGPS 2 group, while haemoglobin levels were lower (9.85 £ 1.83 g/dL, p = 0.0110). B-2mg levels were elevated
in mGPS 2 patients (14.29 + 16.50 mg/L, p < 0.001). OS was lowest in the mGPS 2 group, with a mean of 20.67 + 23.15
months (p = 0.007). These findings underscore the significant impact of the mGPS grouping on disease progression and
clinical outcomes (Table 3).

Kaplan-Meier analysis revealed notable findings: 12-month survival was 61.8%, dropping to 40.0% at 24 months and
29.1% at 36 months. The survival curve showed a steady decline that was most significant in the first 24 months. The
median OS was 16.5 months, with a maximum follow-up of 91.0 months and mean follow-up of 26.5 months. Median
survival times by mGPS were 29.0 months (mGPS 0), 26.0 months (mGPS 1), and 13.0 months (mGPS 2), indicating

Table | Demographic Characteristics of
the Study Population

Variable Value

Total patients 130

Male 81 (62.3%)
Female 49 (37.7%)

Mean age (years) | 68.2 + 10.2 (p = 0.329)
Median age 69

Age range 41-89
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Table 2 Distribution of Treatment Protocols and Disease Status
Across mGPS Categories

Treatment Protocol mGPS 0% | mGPS 1% | mGPS 2%
VCD 100.0 100.0 100.0
VRD 36.1 50.0 36.0
Lenalidomide maintanence 16.7 16.7 41.3
DRD 16.7 389 13.3
IRD 2.8 1.1 13.3
ASCT 38.9 44.4 433
CRD 1.1 27.8 13.3

Disease status

Progressive disease 5.6 1.1 387
Refractory disease 18.9 333 40.0
Stable disease 27.8 389 41.3
Remission 27.8 16.7 20.0

Abbreviations: VCD, Bortezomib (Velcade), Cyclophosphamide, Dexamethasone;
VRD, Bortezomib (Velcade), Lenalidomide (Revlimid), Dexamethasone; IRD,
Ixazomib, Lenalidomide, Dexamethason; DRD, Daratumumab, Lenalidomide,
Dexamethasone; ASCT, Autologous Stem Cell Transplantation; CRD, Carfilzomib,
Lenalidomide, Dexamethasone; mGPS, Modified Glasgow Prognostic Score.

a significant decrease in survival with higher mGPS scores Median PFS was 18 months in all patients, 47.0 months in
MGPSO0, 28.0 months in MGPS1, and 9.0 months in MGPS2. Overall differences were significant (Kruskal-Wallis, p <
0.001). MGPS2 had significantly shorter PFS than MGPS0O and MGPS1 (p < 0.001 and p = 0.004, respectively); no
difference was found between MGPSO and MGPS1 (Figures 1 and 2) (p < 0.00)

The mGPS scoring system was enhanced with CAR > 0.51 and LDH > 250 IU to improve prognostic accuracy. These
markers effectively identified high-risk patients, aiding in better risk stratification and survival prediction. The ISS score
was the most significant survival predictor (HR = 1.63, 95% CI: 1.27-2.09, p = 0.0001), with a unit increase linked to
a 63% higher mortality risk. mGPS 2 + LDH (HR = 1.96, 95% CI: 1.32-2.92, p = 0.0008) indicated poor survival,
especially in patients with mGPS 2 and ROC analysis of CAR yielded an AUC of 0.91, indicating excellent discrimina-
tion. The optimal cut-off was 0.51, with 88% sensitivity and 84% specificity (Figure 3). CAR > 0.51, showing a 96%
increased mortality risk. mGPS2 + CAR (HR = 1.71, 95% CI: 1.16-2.53, p = 0.0069) was an independent risk factor,
with mGPS2 and LDH > 250 IU increasing mortality risk by 71%. mGPS remained a consistent outcome predictor (HR =
1.42, 95% CI: 1.14-1.77, p = 0.0019), with each unit increase linked to a 42% higher mortality risk. Combined markers,
especially mGPS2 + LDH improved risk stratification, suggesting that patients with multiple highrisk features may need
intensive management. Regular monitoring of these markers is crucial for predicting outcomes and guiding treatment
decisions mGPS. For PFS CAR, LDH, and combined markers were significantly associated with increased risk of
progression. Specifically, mGPS2 vs mGPS0 had HR 1.77 (95% CI 1.18-2.66, p = 0.006); CAR (per unit) HR 1.19 (95%
CI 1.01-1.40, p = 0.038); LDH (per IU) HR 1.001 (95% CI 1.000-1.002, p = 0.046). Combined markers mGPS2 + CAR
> 0.51 and mGPS2 + LDH > 250 IU were also significant (HR 2.09, p < 0.001 and HR 1.60, p = 0.010, respectively).
These results indicate that patients with mGPS2 and combined high-risk markers had significantly shorter PFS (Table 4).

The Log rank test results show that the comparison between “mGPS2” and “mGPS2 + LDH > 250 IU” is statistically
significant (p = 0.0359), with a median survival time 4 months shorter than the mGPS2 alone group. Adding elevated
CAR (>0.51) to mGPS2 also indicated a negative impact on survival, although it was less pronounced than LDH
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Table 3 Clinical and Laboratory Characteristics of the Study Population

Parameter Overall Study mGPS:0 mGPS:| mGPS:2 p-value
(Mean £ SD / n, %) (Mean £ SD / n, %) (Mean £ SD / n, %) (Mean £ SD / n, %)

MM Types n (%)

lg G Kappa 45 (34.6%) 10 (22.5%) 10 (22.5%) 25 (55.0%) 0.296

lg G Lambda 28 (21.5%) 9 (32.1%) | (3.6%) 18 (64.3%) 0.289

Ig A Kappa 17 (13.1%) 8 (47.1%) I (5.9%) 8 (47.1%) 0.157

Ig A Lambda 7 (5.3%) I (14.3%) NA 6 (85.7%) 0.330

Kappa 18 (13.8%) 8(44.4%) 6 (33.3%) 4(22.2%) 0.029

Lambda 10 (7.6%) NA NA 10(100.0%) 0.251

Nonsecretuar 5 (%3.8) NA NA 5(%100)

CRP (mg/dL) 26.89+32.47 3.96 £ 262 29.09 + 2533 37.22 + 35.86 <0.05

<10 mg/dL 37 (28.2%) 37 (100%) NA NA

>10 mg/dL 93 (71.8%) NA 15 (16.5%) 78 (83.5%)

Albumin (g/L) 32.86 + 7.04 35.28 + 7.37 43.39 £5.19 29.66 + 4.21 <0.05

<35glL 90 (69.1%) 14 (15.8%) 0 (0.0%) 76 (84.2%)

>35g/L 40 (30.9%) 22 (55.9%) 15 (38.2%) 3 (5.9%)

CAR 0.90 £ |.14 0.12 £ 0.08 0.71 £ 0.68 1.30 £ 1.28 <0.05

>0.51 65 (50%) 0 (0.0%) 7 (10.9%) 58 (89.1%)

<051 65 (50%) 37 (56.4%) 8 (12.7%) 20 (30.9%)

ISS Stages n (%)

Stage | 33 (24.5%) 28 (85.2%) 5 (14.8%) NA <0.05

Stage Il 22 (17.3%) 5 (21.1%) 6 (31.6%) 11 (47.4%)

Stage Il 75 (57.3%) 5 (6.3%) 5 (4.8%) 65 (88.9%)

Other Parameters

LDH 289.47+193.94 268.03+259.61 270.31+94.63 303.32+172.70 <0.05

Crea (mg/dL) 1.70 = 1.80 0.88 + 0.47 1.70 £ .67 2.09 £ 2.08 <0.05

Ca (mg/dL) 9.08 £ 1.70 9.01 £ 1.06 9.82 £ 1.45 897 £ 1.96 <0.05

Hgb (g/dL) 10.32 + 2.18 10.82 + 2.24 11.55 + 3.00 9.85 + 1.83 <0.05

WBC (x10%/uL) 7.28 + 402 5.90 + 245 7.59 + 24| 7.88 + 4.69 <0.05

Globulin (g/dL) 440 £ 2.19 462 216 2.70 £ 0.72 4.63 £ 227 <0.05

B2M (mg/L) 1041 = 13.77 4.00 £ 2.52 6.02 + 4.74 14.29 £ 16.50 <0.05

OS (months) 26.50 + 26.00 37.06 + 28.75 30.92 + 25.93 20.67 £ 23.15 <0.05

PFS (months) 4+48.5 20.75+78.75 16.25 + 56.50 2.00-26.50 <0.05

Abbreviations: CRP, C-Reactive Protein; CAR, CRP/Albumin Ratio; WBC, White Blood Cell Count; Hgb, Hemoglobin; ISS, International Staging System; LDH, Lactate
Dehydrogenase; OS, Overall Survival; PFS, Progression-Free Survival; B2M, Beta-2 Microglobulin; Ca, Calcium; cre, Creatinine; mGPS, Modified Glasgow Prognostic Score.

elevation. In patients with mGPS2, the median PFS was 9 months (range: 0—89), 7.5 months in the mGPS2 + CAR group
(range: 0-84), and 6 months in the mGPS2 + LDH group (range: 0-89), with no statistically significant differences
(Figure 4).

Across all mGPS2 subgroups, both OS and PFS declined from 12 to 36 months. In the overall mGPS2 group, OS
decreased from 50% at 12 months to 30.3% at 24 months and 21% at 36 months, while PFS declined from 48% to 25%
and 19%. The mGPS2 + CAR > 0.51 subgroup showed OS of 44.9%, 29.6%, and 22% with corresponding PFS of 43%,
22%, and 15%, indicating comparatively lower long-term PFS. The mGPS2 + LDH > 250 subgroup showed OS of
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Kaplan Meier OS and PFS mGPS 0,1,2 groups
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Figure | Survival Outcomes: OS (Overall Survival) and PFS (Progression-Free Survival) Kaplan—Meier Curves for the Study Populations.
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Figure 2 OS (Overall Survival) and PFS (Progression Free Survival) Kaplan Meier analysis by mGPS 0, I, 2 group.

39.5%, 23.5%, and 19% and PFS of 46%, 26%, and 18%. Overall, OS and PFS curves demonstrated progressive attrition
through 36 months, with modest subgroup differences: numerically lower OS in the LDH-elevated group and the lowest
36-month PFS in the CAR-¢elevated group. (p > 0.05) (Figure 5).

Discussion
The role of systemic inflammatory processes in the development and progression of malignancies has become increasingly
evident.?® Our study highlights the prognostic significance of inflammatory markers, specifically mGPS, CAR, mGPS +
CAR, and mGPS + LDH, in patients with MM. Elevated CRP and reduced albumin levels have been associated with
decreased PFS, OS, poor prognosis, high tumour burden, and immunosuppression, significantly reducing survival times.?’*
We found that the demographic, clinical, and biochemical characteristics of patients differed significantly across mGPS
subgroups. Of the total 130 patients, 81 (62.3%) were male and 49 (37.7%) were female, with a mean age of 68.2 + 10.2
years (median 69, range 41-89), and no significant age difference was observed between groups (Table 1) Treatment
distribution patterns further underscored the clinical relevance of mGPS. While VCD was universally administered,

regimens such as VRD, DRD, and CRD were more frequently used in mGPS1, and lenalidomide maintenance was
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CAR ROC Curve
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disproportionately higher in mGPS2 (41.3%), possibly reflecting intensified maintenance strategies for high-risk patients.

Nevertheless, progressive and refractory disease rates were highest in mGPS2 (38.7% and 40%, respectively), indicating

that these patients were more likely to exhibit treatment resistance regardless of therapy type or intensity. ASCT utilization

Table 4 Analysis Revealed the Prognostic Significance of mGPS, ISS,
CAR, LDH, and Combined Markers (mGPS2 + CAR>0.51 and
mGPS2 + LDH>250 1U) with OS and PFS

Variable OS Hazard Ratio 95% CI P-value
mGPS2 1.42 1.14-1.77 0.0019
ISS 1.63 1.27-2.09 0.0001
CAR 1.27 1.07-1.50 0.0062
mGPS2 + LDH 1.96 1.32-2.92 0.0008
mGPS2 + CAR 1.71 1.16-2.53 0.0069
PFS

mGPS2 1.768 1.176-2.658 0.006
ISS (per unit) 1.618 1.260-2.077 <0.001
CAR (per unit) 1.189 1.010-1.401 0.038
LDH (per 1U) 1.001 1.000-1.002 0.046
mGPS2 + CAR 2.093 1.433-3.058 <0.001
mGPS2 + LDH 1.604 1.121-2.296 0.010

Abbreviations: CAR, CRP/Albumin Ratio; ISS, International Staging System; LDH,
Lactate Dehydrogenase; OS, Overall Survival; PFS, Progression-Free Survival; mGPS,
Modified Glasgow Prognostic Score.
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Figure 4 Impact of CAR (CRP/Albumin Ratio) and LDH on Survival Probability in Multiple Myeloma Patients: A Comparison of mGPS Models.
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Figure 5 Comparing the 12, 24, and 36 month survival rates across MGPS2, MGPS2 + CAR > 0.5 MGPS2 + LDH > 250 IU.

was comparable across mGPS categories, suggesting that transplant eligibility was not directly influenced by systemic
inflammation; however, the inferior survival outcomes in mGPS2 patients despite receiving high intensity regimens
highlight the prognostic independence of mGPS from treatment modality (Table 2). Specifically, patients in the mGPS 2
group exhibited significant differences in CRP, albumin, calcium, haemoglobin, platelet count, B2-microglobulin, LDH, and
CAR parameters (Table 3). These parameters are well-established indicators of poor clinical outcomes, high tumour
burden, and aggressive disease biology, corroborating the findings of previous studies. Our results are consistent with the
existing literature, underscoring the validity of mGPS as a prognostic tool for MM.

A meta-analysis revealed a significant correlation between the high-sensitivity modified Glasgow prognostic score
(HS-mGPS) and OS in cancer patients. Researchers have suggested lowering the CRP threshold from 10 mg/dL to 3 mg/
dL to enhance the sensitivity and prognostic accuracy of HS-mGPS. Establishing an optimal CRP threshold is essential to
ensure the effectiveness of this system. In our study, acknowledging minor influences on CRP, we chose to use the
10 mg/dL threshold.?*~*°

CRP is highly influenced by inflammation and is sensitive to baseline conditions such as patient age, tumour burden,
histological features, disease stage, infections, chronic illnesses, medications, smoking, and alcohol consumption, leading
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to potential inconsistencies in CRP levels. Elevated CRP levels in infections and oncological and rheumatological
diseases require careful assessment, particularly in immunosuppressed patients with MM, where infection must be ruled
out. Incorporating albumin values in the mGPS and CAR calculations aids in distinguishing these conditions. The
combined use of CRP and albumin levels has facilitated the development of prognostic models for MM patients,
including CAR, albumin-to-monoclonal protein ratio, prognostic nutritional index, systemic immune-inflammation
index, and mGPS.?!*?

The mGPS and CAR are preferred because of their cost-effectiveness and ease of application in clinical settings,
making them suitable for resource-limited environments. The mGPS is advantageous for rapid calculation and avoidance
of delays from cytogenetic testing. By scoring and combining CRP and albumin levels, mGPS, along with CAR or LDH,
can be beneficial in routine clinical practice. A study incorporating cytogenetic analyses into the mGPS showed enhanced
predictive power for OS and PFS, especially for PFS. In a large study of patients with MM, GPS at diagnosis before
autologous HSCT demonstrated significant prognostic value for OS (p < 0.0001) and PFS (p = 0.019), unlike
inflammatory markers such as NLR and PLR. GPS is also proven to predict relapse and disease resistance after
autologous stem cell transplantation.?’

Our findings align with those of the initial seminal study, showing statistically significant differences in decreased OS
duration among the MGPS groups (p = 0.007; Figures 1, 2 and 4). Disease stage and biochemical abnormalities
significantly affected clinical outcomes. The markedly reduced OS in MGPS Two patients highlighted the need for
individualised treatment strategies from the onset of therapy in this high-risk group. To avoid confounding CRP
elevations due to infections, patients were evaluated for post-infection resolution, ensuring independent interpretation
of the results. Recent studies have underscored the prognostic value of the mGPS in cancer outcomes. The observed
survival decline, with a median OS of 16.5 months, reflects advanced malignancy progression, emphasising the need to
stratify patients using prognostic markers, such as mGPS. Studies show higher mGPS scores correlate with poorer
survival outcomes; for instance, one study reported significantly lower 5-year disease-free survival rates in patients with
high mGPS scores compared to those with low scores (36.7% vs 76.6%).>> Similarly, the utility of mGPS in predicting
survival in gastrointestinal cancer patients, showing that mGPS effectively stratifies patients into distinct risk categories
with significant differences in survival outcomes.** Our analysis showed an inverse relationship between median survival
times and mGPS scores: 29.0 months for mGPS 0, 26.0 months for mGPS 1, and 13.0 months for mGPS 2 (Figure 2).
These results highlight the role of systemic inflammation in cancer progression and outcomes, as indicated by mGPS.
The Kaplan-Meier curve indicated a sharp decline in survival probabilities within the first 24 months, underscoring the
need for early intervention and intensive management for patients with high mGPS scores. The statistically significant
p-value (<0.005) across the mGPS groups confirmed the clinical utility of mGPS as a prognostic tool. Enhancing the
mGPS with CAR and LDH marks a significant improvement in prognostic assessment, addressing the limitations of
mGPS alone. Recent studies have suggested that a combination of inflammatory markers offers more accurate prognostic
information. >3

Higher mGPS categories, particularly mGPS2, were associated with significantly shorter progression-free survival,
consistent with the established prognostic relevance of systemic inflammation in hematologic malignancies. The
markedly reduced median PFS of 9 months in mGPS2 patients, compared with 47 and 28 months in mGPS0O and
mGPS1, respectively, underscores the clinical utility of mGPS for risk stratification. In our study, the median CAR value
was 0.51 (Table 3 and Figure 3). CAR > 0.51, as a high-risk marker, reflects systemic inflammation and nutritional status,
whereas LDH > 250 IU indicates tumour burden and cellular turnover. The statistical significance of the ISS (HR = 1.63,
95% CI: 1.27-2.09, p = 0.0001) supports this enhanced approach (Table 4). The proposed prognostic model integrating
CAR (>0.51) and LDH (>250 IU) with the mGPS is novel in oncology. Comparison of the mGPS:2 and mGPS:2 + LDH
> 250 IU groups revealed a significant difference in survival probabilities (p = 0.0359; Figure 3), indicating worse
prognosis with LDH > 250 IU in mGPS 2 patients. However, comparisons between mGPS:2 and mGPS:2 + CAR > 0.51
(p = 0.3839) and between mGPS:2 + CAR > 0.51 and mGPS:2 + LDH > 250 IU (p = 0.1707) did not achieve statistical
significance. Furthermore, the significant associations of CAR and LDH with PFS, both as continuous variables and in
combination with mGPS2, suggest that integration of these biomarkers may enhance prognostic precision. Although
mGPS2 + CAR > 0.51 and mGPS2 + LDH > 250 IU identified patients with numerically shorter PFS and OS, the lack of
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statistical significance in subgroup comparisons may reflect limited sample sizes or overlapping biological pathways
underlying inflammation, nutritional status, and tumor, suggesting that LDH > 250 IU may indicate a trend towards
worse survival without reaching statistical significance burden (Figures 1, 2 and 4). Additionally, when comparing the
1-year,2-year and 3-year survival expectations, the mGPS:2 + LDH group demonstrated a lower 2-year survival
expectation than the other groups, although the difference was not statistically significant (Figure 5). Notably, CAR
elevation appeared to correspond with the lowest 36-month PFS, whereas LDH elevation tended toward lower OS,
indicating potentially distinct prognostic implications of these markers. Overall, our findings support the prognostic value
of mGPS in multiple myeloma and suggest that incorporating CAR and LDH may refine risk assessment, warranting
validation in larger, prospective cohorts. This lack of significance may be attributed to the limited sample size,
characteristics of the patient population, and short 3-year follow-up period in our study. These findings highlight the
prognostic importance of LDH levels in mGPS in 2 patients and suggest that LDH could serve as a valuable biomarker
for risk stratification in this population. Inspired by the R-ISS, this model aimed to address the limitations of the existing
prognostic tools by incorporating both inflammatory and tumour-specific markers. Thus, it offers several advantages,
including improved risk stratification, more comprehensive assessment of disease burden, and enhanced survival
predictions.

The strong statistical correlation in this model highlights its potential for clinical decision making and treatment
planning. For example, options such as potent and highly effective monoclonal or bispecific antibodies can be considered
in the selection of first-line treatment. Unlike the traditional mGPS, this enhanced system offers a multidimensional view
of patient prognosis by integrating systemic inflammation, nutritional status, and tumour activity. This novel approach
has not been explored previously, marking a pioneering effort to develop more accurate prognostic tools. Future research
should analyse the survival curves for various marker combinations, compare this model with other prognostic systems
using cytogenetic data, and explore its therapeutic implications. This study provides a robust foundation for further
research.

Our study was a retrospective, single-centre investigation, with a limited sample size. A larger multicentre prospec-
tive study would provide more reliable results. Some patients lack cytogenetic examination data, but exploring the
relationship between cytogenetic results and OS/PFS probability rates remains feasible and potentially valuable. The
relationship between disease-specific mortality rate, event free survival, mGPS, and CAR could not be established
results. Additionally, the other causes of death among the patients were not evaluated, nor were the outcomes of the
treatments received. We believe that including a larger number of patients in future studies will yield more accurate and
reliable results.

Conclusion

This study emphasised the prognostic value of systemic inflammatory markers, particularly mGPS, CAR, and LDH, in
patients with MM. The integration of CAR > 0.51 and LDH > 250 IU with the mGPS provides more comprehensive
risk stratification, allowing better prediction of OS and PFS. Our findings confirm the significant role of inflammation,
as reflected by CRP and albumin levels, in the progression and outcomes of MM. The enhanced model, combining
mGPS with CAR and LDH, addresses some limitations of traditional mGPS by incorporating indicators of tumor
burden and systemic inflammation. Although the observed trends in survival outcomes, particularly for mGPS 2
patients with high LDH levels, did not always reach statistical significance, they highlighted the potential of this model
for identifying high-risk patients. While ISS remains a strong predictor of survival, integrating mGPS2 with CAR and
LDH enhances risk stratification, allowing for more precise identification of high-risk patients who may benefit from
intensified treatment approaches. These findings suggest the need for individualized treatment strategies and closer
monitoring, especially in resource-limited settings where cost-effective and accessible prognostic tools like mGPS are
advantageous. Future studies with larger sample sizes, extended follow-up durations, and comparisons with genetic-
based prognostic systems are essential to validate and refine this model. By improving risk stratification, this novel
approach can guide treatment decisions, optimise patient management, and ultimately enhance clinical outcomes in
patients with MM.
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Abbreviations

MM, Multiple Myeloma; IMWG, International Myeloma Working Group; mGPS, Modified Glasgow Prognostic Score;
GPS, Glasgow Prognostic Score; CAR, C-reactive Protein to Albumin Ratio; LDH, Lactate Dehydrogenase; CRP,
C-reactive Protein; OS, Overall Survival; PFS, Progression-Free Survival; AHSCT, Autologe Hematopoietic Stem Cell

Transplantation; R-ISS, Revised International Staging System; NLR, Neutrophil-to-Lymphocyte Ratio; PLR, Platelet-to-
Lymphocyte Ratio; f2-M, Beta-2 Microglobulin; CI, Confidence Interval; HR, Hazard Ratio; SD, Standard Deviation.
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