
Background

Plasma cell dyscrasias comprise a spectrum of disorders ranging from the premalignant 
condition monoclonal gammopathy of undetermined significance (MGUS) to multiple 
myeloma (MM). MM is a genetically heterogeneous and clinically complex condition.
Diagnosis and prognostic assessment currently rely on invasive bone marrow biopsies, 
limiting their use for repeated disease monitoring, assessment of clonal evolution, drug 
resistance, and relapse. Recurrent somatic mutations are common in MM, particularly in 
KRAS (21.2%), NRAS (19.4%), and BRAF (6.7%). Liquid biopsy using circulating cell-
free DNA (cfDNA) offers a minimally invasive approach for longitudinal molecular 
monitoring and may help identify mutations associated with disease progression and 
treatment resistance.

Methods

A total of 105 patients with plasma cell dyscrasias were screened for KRAS, NRAS, and 
BRAF mutations. Peripheral blood (9 mL) was collected, followed by plasma separation 
and cfDNA extraction using the QI-Aamp Circulating Nucleic Acid Kit (QIAGEN). cfDNA 
concentration was quantified using the Qubit dsDNA High Sensitivity Assay. Extracted 
cfDNA was analysed by droplet digital PCR (dd-PCR) using Bio-Rad assays to detect 
NRAS Q61R, Q61K, Q61L, and Q61H; KRAS G12D, G12V, G12A, G12C, G12R, G12S, 
and G13D; and BRAF V600E mutations. Synthetic g-blocks containing the 
corresponding variants were used as positive controls.

Results

 For this study, we recruited 105 patients diagnosed with MGUS, SMM, newly 
diagnosed multiple myeloma (NDMM), or relapsed/refractory multiple myeloma (RRMM) 
from the Hematology Clinic at Liverpool Hospital. Eligible patients were aged ≥18 years 
and had a confirmed diagnosis of one of the specified plasma cell dyscrasias. The 
control group comprised ten healthy volunteers with no history of plasma cell dyscrasia.

 The study cohort had a mean age of 66 years (median 68; range 37–91 years), with 
59% males and 41% females across MGUS, SMM, and MM groups. (Table 1).

Table 1:Demographic Characteristics of Patients by Disease Group

Conclusion

 Plasma cfDNA concentrations were significantly higher in advanced MM (R2-ISS 
stage III) compared with MGUS, suggesting an association between increased cfDNA 
burden and advanced disease stage.

BRAF V600E positivity was associated with significantly shorter progression-free 
survival (PFS), whereas KRAS and NRAS Q61 mutations showed non-significant trends 
toward shorter PFS.

Patients harbouring ≥2 detected RAS/RAF hotspot mutations demonstrated 
significantly shorter PFS than those with 0–1 detected mutation (log-rank P = 0.0003), 
suggesting that a higher mutational burden may be associated with poorer clinical 
outcomes.

These findings require validation in a larger cohort, particularly because of the small 
sample sizes within some mutation-positive subgroups.

Plasma cfDNA Concentrations by Disease Stage and MM Disease Status 
(Figure 1a,1b).
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cfDNA concentrations were significantly elevated in MM-I and MM-III compared with 
MGUS (P = 0.043 and P = 0.006, respectively); a significant difference was also observed 
between MM-II and MM-IV (P = 0.045).

No statistically significant difference in cfDNA concentrations was observed between 
NDMM and RRMM patients (Figure 1b).

Association of RAS/RAF Mutations with Progression-Free Survival:

The study included 36 patients with MGUS, while patients with MM were further 
classified into stage I (n = 13), stage II (n = 13), stage III (n = 23) and stage IV (n=2) 
based on the R2-IIS staging system, according to established clinical, biochemical, and 
cytogenetic risk factors.

 Patients with MM R2-ISS stage III exhibited the highest mean cfDNA concentration 
(3.24 ng/µL), which was approximately 4.3-fold higher than that observed in patients 
with MGUS (0.76 ng/µL), suggesting an association between elevated cfDNA levels and 
advanced disease stages.

cfDNA levels varied across disease stages, with higher concentrations observed in 
advanced MM.
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Aims

To evaluate and quantify the prevalence and prognostic significance of selective 
RAS/RAF mutations across plasma cell dyscrasias, including MGUS, SMM, and MM.

To assess whether the presence of RAS/RAF mutations is associated with progression-
free survival (PFS).
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Kaplan–Meier analysis was used to assess PFS according to KRAS G12/G13, NRAS 
Q61, and BRAF V600E mutation status. 

KRAS-positive patients showed a trend toward shorter PFS than KRAS-negative 
patients, but the difference was not statistically significant (P = 0.128).

NRAS Q61-positive patients also demonstrated a trend toward shorter PFS, without 
statistical significance (P = 0.1638).

BRAF-positive patients had significantly shorter PFS than BRAF-negative patients (P 
= 0.0028); however, this finding should be interpreted cautiously because only three 
patients were BRAF-positive.

 ≥2 RAS/RAF mutations were associated with significantly inferior progression-free 
survival compared with 0–1 mutation (log-rank P = 0.0003).
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