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Introduction

Multiple myeloma (MM) has also been called “Many Multiple Myelomas”, alluding to the existence of well-defined subtypes of the disease, most of which carry important implications in the clinic
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(1-3)
.  The subtypes of the disease are driven primarily by the founder genetic lesions that give rise to the clonal expansion of cells.  It is then that any and all classifications must, directly or indirectly be guided the segregation dictated by the presence of specific DNA changes associated with disease pathogenesis
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(3)
.  These founder lesions are all present since disease initiation (MGUS or “pre-MGUS”) and remain constant throughout the disease course, usually present in all clonal cells.  The pathogenesis of MM, while potentially contributed by external factors such as micro-environment, epigenetic factor or protein-protein interactions, has always and will always be dictated and sustained by the presence of these specific genetic factors.  It is then that the biologic classification of the disease is best performed by cataloguing these DNA based aberrations and building upon that basic framework as series of secondary events that lead to disease progression and ultimately clonal evolution. Detection can be done by several methods.

Classifiers

There are clearly two major subtypes of the disease; hyperdiploid MM and non-hyperdiploid MM
 ADDIN EN.CITE 

(4, 5)
.  These categories seem to be unique and define subsets of the disease at the top hierarchical level.  The two disease subtypes are not mutually exclusive in all cases, and in fact up to 25% of t(4;14) cases will harbor hyperdiploidy, while a small subset of hyperdiploid cases also have translocations
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(5)
. Most of these translocations are secondary and not the primary ones.  It remains puzzling why there is this minor overlap in what otherwise appear to be well-defined categories.  It may mean that trisomies per se may provide a clonal advantage, and be tolerated in some translocated myelomas, but dispensable, while essential for hyperdiploid myeloma.  The clonal plasma cells arise from post germinal center B cells and thus the malignancy is clearly one that possesses unique differences from B cells(6).  It is incumbent that any proposals showing a possible “stem cell” for MM prove this beyond any reasonable doubt.  The anatomy of translocations (at the time of isotype switching) makes the existence of B cells (pre-switch) unlikely to impossible. 

Tools for classifying

Classifying the disease can be done by one of multiple methods including those that directly detect DNA changes (e.g. FISH, chromosome studies, aCGH or mutational status) or the consequences of these aberrations (gene expression profiling)
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(3, 7-9)
.  DNA based tools remain useful tools in the clinic and can be used widely, although the information they provide is limited by technical issues or depth of information provided.  RNA based classifications are more attractive in that they provide comprehensive answers for classifying MM with one test.

The TC classification is the one that showed that most if not all MM are characterized by the presence of cyclin D upregulation (D1, 2 or 3)(10, 11).  Its subclasses clearly correlate with the genetic subtypes dictated by chromosome translocations or hyperdiploidy.  This classification has two groups added that have not been well defined at the DNA level; D2 and D1+D2 subgroups.  The reliability and reproducibility of the classification suggests that these two groups are likely driven by unifying genetic events yet to be identified. One limitation of this classification in the diagnostic realm is the difficulty in distinguishing boundaries for some of the neighboring groups (e.g. t(11:14) vs. D1) but overall seems to be performing well in predicting FISH category.  The UAMS MM classification is very similar and results in largely overlapping groups of patients(12).   The classification includes subgroups that likely represent entities that show clonal progression such as the proliferation group.  This is clearly both an asset and a limitation of this classification.  Other unique subtypes are also identified that correlate with clinical features such as bone disease.  All other classifications are variations of the common genetic pathways dictated at the DNA level
 ADDIN EN.CITE 

(13, 14)
.

Variations of classifications
Up to this point all discussion has been based on the classification of the disease at the level of biologic founder lesions.  Other classifications can be driven by the identification of features or signatures that identify subsets of the disease with a more adverse outcome. The classifications can mirror clonal initiation events (such as the t(4;14) but can also be enriched for progression events (such as -17p13 and high risk RNA signatures)(15).  These classifications are more focused on clinical utility and less on the pathophysiology of the disease.  Likewise there is minimal information regarding predictive factors for MM such as Her-2-neu in breast cancer.  Availability of these factors would be crucial in selecting the right treatments for patients, particularly avoidance of agents of no value and with potential toxicity for specific patients.  While MM is one disease the evolution of knowledge regarding disease biology has allowed for a beter understanding of the disease with implications for prognosis and potentially therapeutic selection.
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