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Multiple myeloma (MM) is the second most common hematological malignancy. Previous studies have
validated the prognostic significance of the platelet-to-lymphocyte ratio (PLR) in patients with certain
solid tumors. However, the relationship between the PLR and prognosis in myeloma patients has not
been clearly demonstrated. In our study, we included 122 newly diagnosed MM patients who were
treated with bortezomib-based chemotherapy. These patients were divided into low-PLR and high-
PLR groups based on their initial PLR values. We compared the clinical characteristics between the two
groups and utilized restricted cubic splines (RCSs) in the regression model to estimate the nonlinear
relationship between the initial PLR and overall survival (OS) in MM patients. The results showed that
patients in the low-PLR group had significantly worse OS (P =0.00031) and progression-free survival
(PFS) (P <0.0001) compared to those in the high-PLR group. Furthermore, within the higher-risk MM
group, a low PLR was also associated with worse OS (P =0.0037) and PFS (P =0.0048). Therefore, a

low PLR was identified as an independent predictor of poor OS in MM patients. The RCS curves further
confirmed a significant nonlinear relationship between the PLR and OS in patients with MM. The PLR
may serve as a significant independent prognostic indicator for MM patients undergoing bortezomib-
based chemotherapy, and there exists a crucial nonlinear relationship between the PLR and OS in
these patients.
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Multiple myeloma (MM) is a malignant plasma cell tumor and is the second most common hematologic
malignancy, constituting approximately 10% of all hematologic malignancies. MM is characterized by the
accumulation of malignant plasma cells in the bone marrow, leading to hypercalcemia, kidney failure,
anemia, and osteolytic lesions in bones™?. Over the past decade, the use of autologous hematopoietic stem
cell transplantation (ASCT), followed by the introduction of novel agents such as proteasome inhibitors (PIs)
and immunomodulatory drugs (IMiDs), has significantly improved the survival rates of MM patients®. With
continuous improvements in treatment, the life expectancy of MM patients is gradually increasing’-. However,
despite these advancements, almost all MM patients eventually experience relapse, and MM remains an incurable
disease. Therefore, there is an urgent need to identify valuable prognostic indicators that can assess patient risk
and guide more effective treatment strategies to delay disease progression.

Traditional and classic prognostic factors for MM patients include the stage of the disease, performance
status, age, and comorbidities’. Recent studies have demonstrated that a range of genetic, biochemical, and
hematological factors are associated with the prognosis of patients with solid cancers as well as other hematologic
malignancies'®!2. Inflammation markers are considered to indirectly reflect the status of the bone marrow
microenvironment, which influences the processes that regulate and promote the growth, survival, migration,
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and even drug resistance of myeloma cells'®. Consequently, it is crucial to identify reliable prognostic tools that
can predict clinical outcomes and assist clinicians in making informed decisions about treatment options.

However, the relationship between the platelet-to-lymphocyte ratio (PLR) and prognosis has not been clearly
demonstrated in myeloma patients. Our study aimed to investigate the role of the PLR in the prognosis of
myeloma patients.

Materials and methods

Study Design and patients

This retrospective study analyzed data from 122 newly diagnosed MM patients who were treated at Huai'an
No.1 people’s hospital between October 2014 and December 2021. Patients were followed up until January 2024.
We documented the age, sex, immunoglobulin (ig) subtypes, and survival outcomes of all patients. At the time
of diagnosis, complete blood count (CBC) data, the proportion of bone marrow monoclonal plasma cells, and
biochemical parameters (including serum albumin, lactate dehydrogenase, serum creatinine, calcium, and
B2-microglobulin) were collected from all patients. The International Staging System (ISS) was utilized as the
staging criterion. The PLR was calculated as the ratio of the platelet count to the lymphocyte count. All relevant
parameters were obtained from the patients’ laboratory test results at the time of their initial diagnosis.

Among the 122 patients, 33 (27.05%) had IgA, 55 (45.08%) had IgG, 3 (2.46%) had IgD, 1 (0.82%) had IgM,
and 30 (24.59%) had other types of multiple myeloma, including the light chain type, nonsecretory type, and
double M-proteinemia type. All patients had undergone at least one cycle of bortezomib-based chemotherapy.
Among all the patients, 54 (44%) received the bortezomib/cyclophosphamide/dexamethasone regimen, 36
(30%) received the bortezomib/lenalidomide/dexamethasone regimen, 23 (19%) received the bortezomib/
thalidomide/dexamethasone regimen, and 9 (7%) received the bortezomib/doxorubicin/dexamethasone
regimen as the induction therapy. A total of 15 (12.3%) patients underwent ASCT as part of their induction
regimen. Overall survival (OS) was defined as the time period from the initial diagnosis to death from any cause
or the last follow-up, whereas progression-free survival (PFS) referred to the duration from the initial diagnosis
to disease progression or death.

This study was approved by the Institutional Review Board (IRB) of Huai’an No.1 People’s Hospital, and the
study was conducted in accordance with the principles of the Helsinki Declaration. Due to the retrospective
nature of the data collection, all patient identities were anonymized, and informed consent was waived by the
IRB.

The inclusion criteria for this study were as follows: (1) Met the diagnostic criteria for MM. (2) Had sufficient
medical information available for analysis. (3) Had PLR data available for newly diagnosed patients. (4) Aged
between 18 and 80 years inclusive. Exclusion criteria: (1) Patients with significant vital organ impairment have
failed to complete > 1 bortezomib treatment cycle. (2) Insufficient medical records or missing critical information
necessary for analysis.

Statistical analysis

The data were analyzed using R software. For continuous variables, the mean and standard deviation (Mean + SD)
were reported. Abnormally distributed continuous variable was compared using the Mann-Whitney test while
normally distributed continuous variable was compared using Student’s t-test. To explore the role of the PLR as a
predictor of survival status, we utilized the R package “survminer” (version 0.4.9) to analyze the covariates of OS
and PFS and to determine the optimal cutoff points for the PLR. Subsequently, the Kaplan-Meier (K-M) method
was employed to compare survival differences among patient groups stratified based on these cutoff points,
thereby evaluating the impact of the PLR on the prognosis of MM patients. K-M survival curves were generated
to contrast the prognosis between the low-PLR and high-PLR groups. Furthermore, the corresponding p-value
was determined via the log-rank test. Univariate and multivariate Cox proportional hazards models were utilized
to identify significant prognostic factors. In the multivariate analysis, we examined multiple variables, including
PLR, Durie-Salmon (DS) stage, International Staging System (ISS) stage, sex, age, hemoglobin (Hb) levels,
platelet (Plt) count, serum albumin (ALB) levels, lactate dehydrogenase (LDH) levels, red blood cell distribution
width standard deviation (RDW-SD), serum creatinine (Cr) levels, calcium (Ca) levels, f2-microglobulin (B2-
MG) levels, the proportion of bone marrow monoclonal plasma cells, and ASCT. P-values < 0.05 were considered
statistically significant. Restricted cubic splines (RCSs) were incorporated into the regression model to estimate
the nonlinear relationship between the PLR and OS in MM patients.

Results

Patient characteristics

The clinical and laboratory characteristics of the patients are summarized in Table 1. A total of 122 patients were
included in this retrospective study. The study population was balanced with 50% males and 50% females. The
median age of the patients was 63 years (range: 30-77 years). At the end of the follow-up period, the median
PFS was 27 months (range: 1-72 months) and the median OS was 34 months (range: 1-146 months). A total
of 61 deaths (50%) were recorded. Patients were divided into two groups based on their survival status, and
variables from both groups were displayed and compared. The average age of survivors was 60 + 10 years, which
was younger than that of non-survivors at 63 +8 years. Significant differences were observed between the two
groups in terms of RDW_SD, PLR, Hb, and Pt (P <0.05). However, there were no significant differences between
the two groups in terms of gender, age, DS stage, ISS stage, ALB, LDH, Cr, Ca, 2-MG, the proportion of bone
marrow monoclonal plasma cells, or ASCT status (P> 0.05).
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Characteristics Total(n=122) | Live(n=61) | Dead(n=61) | p value
Sex 0.587
Male 61 (50%) 29 (48%) 32 (52%)

Female 61 (50%) 32 (52%) 29 (48%)

Age (years) 61+9 60+10 63+8 0.244
Age (years) 0.272
<65 70 (57%) 38 (62%) 32 (52%)

265 52 (43%) 23 (38%) 29 (48%)

RDW_SD (fl.) 0.003
>53 52 (43%) 18 (30%) 34 (56%)

<53 70 (57%) 43 (70%) 27 (44%)

DS stage 0.592
I+I1 16 (13%) 9 (15%) 7 (11%)

I 106 (87%) 52 (85%) 54 (89%)

ISS stage 0.365
I+1I 63 (52%) 34 (56%) 29 (48%)

III 59 (48%) 27 (44%) 32 (52%)

PLR 115+78 131+83 100+69 0.004
Hb(g/l) 0.003
<100 87 (71%) 36 (59%) 51 (84%)

>100 35 (29%) 25 (41%) 10 (16%)

Plt x 10°/L <0.001
<160 67 (55%) 23 (38%) 44 (72%)

>160 55 (45%) 38 (62%) 17 (28%)

ALB(g/l) 0.203
<35 67 (55%) 30 (49%) 37 (61%)

=35 55 (45%) 31 (51%) 24 (39%)

LDH(u/l) 0.212
<247 103 (84%) 54 (89%) 49 (80%)

>247 19 (16%) 7 (11%) 12 (20%)

Cr (umol/l) 0.500
<177 102 (84%) 51 (84%) 51 (84%)

>177 20 (16%) 10 (16%) 10 (16%)

Ca (mmol/l) 0.543
<2.75 110 (90.2%) 56 (91.8%) | 54 (89%)

>2.75 12 (9.8%) 5 (8.2%) 7 (11%)

B2-MG (mg/1) 0.430
<55 74 (61%) 39 (64%) 35 (57%)

>5.5 48 (39%) 22 (36%) 26 (43%)

Bone marrow monoclonal plasma cells (%) 0.247
<30 82 (67%) 44 (72%) 38 (62%)

>30 40 (33%) 17 (28%) 23 (38%)

ASCT 0.054
Yes 15 (12%) 11 (18%) 4 (6.6%)

No 107 (88%) 50 (82%) 57 (93.4%)

Table 1. Baseline characteristics of patients in the study. Data were expressed as mean + SD for continuous
variables and as number (percentages) for categorical variables. RDW_SD: red blood cell distribution width
standard deviation; DS stage: Durie-Salmon stage; ISS stage: international staging system stage; PLR: platelet-
to-lymphocyte ratio; hb: hemoglobin; plt: platelet; ALB: serum albumin; LDH: lactate dehydrogenase; cr:
serum creatinine; ca: calcium; 2-MG: 2-microglobulin; ASCT: autologous stem cell transplantation.

Association between PLR and Clinical outcomes

To explore the role of the PLR as a predictor of survival in MM patients, we utilized the R package “survminer”
(version 0.4.9) to analyze the two covariates of OS and PES. The optimal cutoff points for the PLR were determined
to be 76.25 (Fig. 1A) and 85.19 (Fig. 1B), respectively. K-M survival curves were generated to compare the
prognosis between the low-PLR and high-PLR groups using the log-rank test. The results indicated that patients
in the low PLR subgroup exhibited worse OS (P=0.00031, Fig. 2A) and PFS (P <0.0001, Fig. 2B).
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Fig. 1. The cutoff points for the PLR: Based on OS and PFS, the optimal cutoff values for the PLR were 76.25
(A) and 85.19 (B).

Subgroup analyses were conducted in the lower risk group (ISS-I+ISS-II) and higher risk group (ISS-III)
among MM patients. In the lower-risk MM group, a low PLR was not associated with worse OS (P=0.099,
Fig. 2C), but it was significantly associated with worse PFS (P=0.0012, Fig. 2D). Conversely, in the high-risk
MM group, a low PLR was associated with both worse OS (P=0.0037, Fig. 2E) and PFS (P=0.0048, Fig. 2F).

Univariate and multivariate analysis for OS in MM patients

We conducted an exhaustive analysis of PLR utilizing the Cox proportional hazards regression model. This
sophisticated model not only assessed the influence of PLR on OS among patients diagnosed with MM but
also incorporated survival status as a pivotal evaluation criterion. The comprehensive results of this analysis
are presented in Table 2. Univariate Cox regression analysis unveiled that a PLR<76.25 exerted a statistically
significant effect on survival (p=0.0005), with the risk for this subgroup being 2.47 times greater than that
observed in the PLR>76.25 subgroup. The model demonstrated a satisfactory overall fit, evidenced by a
concordance index of 0.609 and a standard error of 0.033. Furthermore, the model successfully underwent
rigorous statistical validation through the likelihood ratio test, Wald test, and score (log-rank) test, with all p
values falling below 0.001.

To enhance the normality of our dataset, we applied a natural logarithm transformation to the PLR values,
yielding a novel variable termed PLR_In. By taking the natural logarithm of the PLR values, the distribution
becomes more approximately normal, which helps to stabilize variance and meet the assumptions for parametric
tests. Subsequent analysis of PLR_In revealed a hazard ratio of 0.52, suggesting that for each unit increment
in PLR_In, the associated risk decreased to approximately 52% of its original magnitude. This finding was
statistically significant, with a p value of 0.001. Notably, the models fit remained robust, as indicated by a
concordance index of 0.605 and a standard error of 0.04.

Subsequently, we embarked on a multivariate analysis, incorporating a total of 14 prognostic covariates. These
included DS stage, ISS stage, Sex, Hb, Plt, ALB, LDH, RDW_SD, Age, Cr, Ca, 2-MG, the proportion of bone
marrow monoclonal plasma cells and ASCT status. To facilitate visualization of these complex relationships,
we utilized multivariate Cox regression forest plots (Fig. 3). Our results indicated that patients within the
PLR<76.25 group exhibited a 2.92-fold increased risk of mortality compared to those in the PLR >76.25 group
(p=0.005). Additionally, in the multivariate analysis, each one-unit increase in PLR_In was associated with
a reduction in risk to approximately 55% of its baseline value (p=0.029). Intriguingly, patients with an ALB
concentration > 35 g/L were found to have a 2.36-fold higher risk of mortality compared to the reference group
(p=0.017).

Restricted cubic splines

We generated RCS curves to fully demonstrate that there was a significant nonlinear relationship between the
initial PLR and OS in MM patients. To optimize the normality of the data, we performed a natural logarithm
transformation on the PLR values, obtaining a new variable, PLR_In. We adjusted for the effects of DS stage, ISS
stage, Sex, Hb, PLT, ALB, LDH, RDW_SD, Age, Cr, Ca, f2-MG, the proportion of bone marrow monoclonal
plasma cells, and ASCT status (Fig. 4). Through detailed data analysis, we obtained convincing statistical results:
the P-overall value of 0.006 indicates the overall significance of the model, while the P-nonlinear value of 0.039
specifically supports the presence of a nonlinear relationship between the initial PLR and OS.
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Fig. 2. Kaplan-Meier survival curves of PLR patients. Patients in the low PLR subgroup had worse OS (A) and
PFES (B) than those in the high PLR subgroup. Low PLR was not associated with worse OS (C) but worse PFS
(D) in the lower-risk MM groups (including ISS-I and ISS-II). A low PLR was associated with worse OS (E)
and PFS (F) in the high-risk MM group (ISS-III).

Discussion

MM is a malignant plasma cell disease characterized by diverse clinical manifestations and insidious onset, which
poses significant challenges for early diagnosis and effective treatment. Recent advancements in understanding
the tumor microenvironment and immune responses have highlighted the critical role of inflammation in
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Univariate analysis Multivariate analysis
Variable category HR |95%CI |pvalue |HR [95%CI | p value
PLR (<76.25 versus >76.25) | 2.47 | 1.49-4.10 | 0.0005 |2.92 | 1.38-6.16 | 0.005
PLR_In 0.52 | 0.36-0.77 | 0.001 0.55 | 0.33-0.94 | 0.029

Table 2. Univariate and multivariate analysis of OS.
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Fig. 3. Multivariate Cox regression forest plot: Hazard ratios of low PLR (A) and PLR_In (B) for predicting the
OS of MM patients.

cancer biology. Inflammatory markers are integral to the immune response to tumors and significantly influence
the prognosis of cancer patients'™?®. Key inflammatory markers, such as platelet count, neutrophil count,
lymphocyte count, and C-reactive protein, have been shown to impact cancer pathophysiology. Specifically,
platelets contribute to tumor progression by promoting cancer cell proliferation, survival, and metastasis?*->2.
Research has indicated that platelets enhance MM progression via IL-1B upregulation?®. Another study showed
that the half-life of platelets was significantly shortened in MM patients®®. A retrospective study verified that
lymphocytopenia at diagnosis has an unfavorable influence on the prognosis of Myelodysplastic Syndromes
patients, as lymphocyte counts could reflect the immune status of the host**. Both platelets and lymphocytes play
roles in the body’s immune inflammatory response.

Some studies have reported that a high PLR is associated with poor prognosis in various solid tumors!®26-28,
which may be related to indicators of systemic inflammation, platelet-mediated tumor progression, and impaired
immune function. However, in contrast, several studies have shown that a low platelet count or a low PLR is a
poor prognostic factor in myeloma patients***. Our study also found that a low PLR is associated with poor
prognosis in MM patients. This difference in MM may be due to the pathology of the disease. Hematological
malignancies exhibit distinct pathogenesis compared to solid tumors, being influenced by both genetic
mutations within hematopoietic cells and alterations in the bone marrow niches that regulate hematopoiesis and
immune cell production®. In MM, there exist complex immune system regulations that modulate bone marrow
hematopoiesis and the occurrence and progression of the tumor?2. Specifically, the accumulation of malignant
plasma cells in the bone marrow inhibits normal thrombopoiesis in MM patients.

Our retrospective study of 122 newly diagnosed MM patients identified the baseline PLR as a significant
prognostic factor. By determining the optimal cutoff values for PLR, patients were stratified into high and low
PLR groups, revealing significant differences in OS and PFS. K-M curves demonstrated lower survival rates in
the low PLR group. Further analysis showed that a low PLR was associated with worse OS and PES in high-
risk MM patients (ISS-III). Multivariate analysis confirmed PLR as an independent prognostic indicator. After
logarithmic transformation of PLR into (PLR_In), every unit increase in PLR_In was associated with a 55% risk
reduction. RCS curves supported a significant nonlinear relationship between initial PLR and OS.
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Fig. 4. Dose-response relationship between the PLR and OS in MM patients from the RCS analysis. The odds
ratios (the red line) and 95% confidence intervals (the area between the red dashed lines) were based on the
RCS for the natural log-transformed PLR (PLR-In) with 3 knots. The DS stage, ISS stage, sex, Hb, Plt, ALB,
LDH, RDW_SD, age, Cr, Ca, f2-MG, proportion of bone marrow monoclonal plasma cells and transplantation
status were adjusted in the model.

Previous studies have shown clear disagreement and controversy when exploring the relationship between
MM and the PLR333, Li et al. showed that PLR was not an independent prognostic factor for OS and PFS in MM
patients. However, in our study, we found that a low PLR was associated with poor prognosis in MM patients. We
employed a unique cutoff value and calculation method for PLR, which may have contributed to our finding that
lower PLR is associated with poor prognosis in MM patients. Furthermore, the RCS curves further confirmed
the existence of a significant nonlinear relationship between PLR and OS in MM patients. This discrepancy
may be related to the characteristics of the study populations, research methods, and the potential biological
mechanisms of PLRs role in different MM subtypes.

Low PLR at diagnosis is linked to poor OS in MM patients, possibly due to multiple factors. First, MM
tumor cells express Toll-like receptors (TLRs), which induce IL-6 production and provide proliferation signals
for MM cells*>*. Studies have shown that IL-6 levels are negatively correlated with lymphocyte and platelet
counts®. Additionally, the pathogenesis of MM is associated with a chronic inflammatory response®. Prolonged
inflammatory response can lead to significant depletion or destruction of platelets**, thereby indirectly
reducing PLR. Concurrently, chronic inflammation may cause immune suppression, compromising normal
immune surveillance®!. As the PLR serves as an indicator of inflammatory and immune status, a low PLR could
signify an immunosuppressed state. In MM, the proliferation of abnormal plasma cells in the bone marrow
may impair the production of normal immune cells, leading to decreased immune cell counts*2. This decline in
immunity may accelerate disease progression and shorten survival duration.

Conclusion

The association between a low PLR at initial diagnosis and poor prognosis in MM patients offers new perspectives
for clinical evaluation and treatment planning. However, it should be noted that this study was retrospective,
single-center, and involved a relatively small sample size. Consequently, further research is necessary to explore
in depth the biological mechanisms underlying the association between low PLR and poor prognosis in MM
and to undertake large-scale, multicenter clinical studies to confirm its predictive value. We eagerly anticipate
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continued efforts in this area, which will ultimately lead to more precise and personalized treatment strategies

for

MM patients, thereby improving their treatment outcomes and quality of life.

Data Availability
The datasets generated during and/or analysed during the current study are available from the corresponding
author on reasonable request.
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