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Introduction

Multiple Myeloma (MM) is an aggressive and incurable haematologic malignancy preceded by the
pre-malignant stage of monoclonal gammopathy of undetermined significance (MGUS) [1]. At present,
almost 46% of MM patients will die within the 5 years following diagnosis [2] and the other half will even-
tually relapse. Tools such as the disease aggressiveness score (R-ISS) [3] are currently used to estimate
prognosis and guide the choice of treatment. However, they fail to accurately predict which patients will
relapse early after treatment and die prematurely [4].

Nowadays, one requirement for the evaluation of myeloma prognosis is a bone marrow biopsy/aspirate
to quantify and characterize the number of clonal plasma cells [5]. This is an invasive and painful proced-
ure, and so non-invasive alternative methods for biomarkers evaluation are under investigation.
Extracellular vesicles such as exosomes, secreted by cancer cells and found in the peripheral blood [6] are
good candidates to be used as liquid biopsies to assess disease progression, severity and therapeutic effic-
acy [7,8].

Additionally, as the overall survival of MM patient´s relies on several variables that change over time,
it may be inaccurate to assume that the prognosis of a patient assigned at the time of diagnosis remains
unchanged during the course of the disease.

In the present pilot study, we analysed peripheral blood exosomes’content to assess the differences in
protein expression between patients’ groups at different stages of disease (MGUS and MM) and healthy
donors (HD). By increasing the number of samples and analysing multiple time-points, the purpose of our
project is to estimate the probabilities of disease progression, relapse and response to treatment through
time associated with protein expression and other clinically relevant variables. Once this goal is accom-
plished, then we will also have achieved the clinical goal of finding biomarkers of disease in peripheral
blood.

Methods

In this pilot study we analysed 11 patients from an observational, single-centre, cohort study. Blood
samples were obtained from each patient at the time of diagnosis. Exosomal protein content of each sample
was analysed by mass spectrometry (MS) in order to obtain the abundance expression of every identified
protein in each sample. Then, Rank Product (RankProd R package) statistical method was applied in order
to evaluate which proteins were differentially expressed in each of the two interest groups (1) patients’dia-
gnosis and (2) R-ISS score. Although this method was originally designed to identify differentially
expressed genes in a single experiment [9], it received widespread acceptance and is now used in several
domains of -omics, such as transcriptomics and proteomics. The Rank Product (RP) is a non-parametric
statistical method that makes it possible to detect variables consistently high ranked (upregulated or down-
regulated) in a number of replicate experiments [10]. The expression levels for all proteins from all
replicate samples were ranked, making the proteins with the smallest rank the ones with the most biological
interest [11].
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Some of the main advantages of this method are the fewer assumptions under the model and the strong
performance even with noisy data or a low number of biological replicates [12]: since the RP does not
depend on estimations of the measurement variance for each single variable, it is very useful when this
estimate becomes unreliable in result to a low number of replicates [9].

The false discovery rate (FDR) quantifies the risk of false positives among all significant tests. Since we
were in the presence of few samples and the later intention was the validation of the selected proteins, a
FDR=0.2 was used.

Results

The diagnostic group included a total of 11 patients: 2 HD, 3 MGUS and 6 MM patients. Since R-ISS is
a score of disease aggressiveness only estimated for the MM group, the comparison between R-ISS scores
was made including the 6 MM patients, divided by 3 categories: 2 R-ISS I, 1 R-ISS II and 3 R-ISS III.

Using the Rank Product method, a total of 7 proteins with differential expression between diagnostic
groups were identified by making the following comparisons: HD vs MGUS, HD vs MM and MGUS vs
MM (adjusted p-value<0.05). By comparing the R-ISS III group with the joint group of R-ISS I and R-ISS
II, 9 proteins showed to be differentially expressed (p-value<0.05).

Discussion and Conclusion

Our data for this pilot study revealed that EV protein expression differs according to diagnosis and risk
score.All selected proteins are already described in the literature as having a direct or indirect relationship
with cancer; therefore, we consider that, despite preliminary, our results are promising.

In addition to RP, there is another method for the analysis of protein expression data: the limma pack-
age, implemented in the R/Bioconductor software. This method fits a linear model to each protein, using a
moderated t-statistics from the empirical Bayes procedure. However, and although it is a robust method in
the context of few samples and allows the comparison of more than two groups simultaneously, the fact that
it is a parametric method implies some assumptions that were not verified by our current data set.

Therefore, and since more than 100 patients’samples are already undergoing analysis by MS, the next
step is the validation of the set of previously selected proteins and potentially identify new ones through the
application of the limma package in this larger cohort. Moreover, by applying survival and multi-state
models, the goal of our ongoing work is to analyse, not only the subset of selected proteins, but also other
variables with clinical interest. These methods will allow us to estimate important measures for several
interest groups (such as R-ISS score and diagnostic group) and models (such as “treatment-response-pro-
gression” model) in this wider set of samples.
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