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ADVANCES IN UNDERSTANDING PROGNOSIS IN MYELOMA 

In the last two decades outcomes in multiple myeloma (myeloma) have greatly improved, due to 

the introduction of newer, more effective therapies. This improvement is not uniform. Response 

to treatment and survival remains heterogeneous, with some patients living for 1-2 years whilst 

others are alive and progression free at 10 years. This variation in outcome is due to patient 

characteristics plus features intrinsic to the myeloma tumour. Alongside the introduction of novel 

therapies there has been a greater understanding of disease biology and mechanisms of resistance. 

This has led to an increase in the number of prognostic markers which can be used in myeloma. 

This is important not only for more accurate counselling of patients in terms of disease outcome, 

but also in paving the way for risk adapted therapy. Both newer and traditional prognostic markers 

need to be used in the context of planned therapy. Indeed, the prognostic value of certain markers 

varies according to which therapy the patient receives. As such, these prognostic factors will 

require constant re-evaluation as agents with new mechanisms of action are added into the 

myeloma treatment algorithm. This article summarises current concepts of prognostic markers in 

myeloma. 

 

PATIENT CHARACTERISTICS 

Age and Frailty 

Age remains a strong prognostic factor in myeloma (1). Median OS is around 4-6 years for patients 

over the age of 65, compared to around 10 years for younger patients. Increased frequency of co-

morbidities and (leading to) less intensive treatment approaches are generally reported as the main 

reasons why elderly patients have a poorer outcome. Older patients do not have a higher incidence 

of adverse cytogenetic abnormalities. In fact, an IFM study found that t(4;14) was less prevalent 

in myeloma patients >66 years, unlike the case for del(17p) (2). Fitness for stem cell 

transplantation appears to be more important than chronological age (3). A recent prospective 

study of 56 patients similarly found that age (above or below 70) did not impact on outcome in 

elderly patients treated with upfront autologous stem cell transplantation (ASCT), while reducing 

the dose of melphalan to 140mg/m2 did (4). However, in an IFM study of 2316 patients treated 

with induction therapy (VAD or bortezomib based induction) followed by single or double ASCT, 

survival in patients aged 60-66 was significantly shorter than those under 60. The risk of death 

increased linearly with age, with an increased risk of 22% every ten years (1). 

Among patients of the same age, physical and cognitive functions can vary greatly. The recently 

released International Myeloma Working Group (IMWG) frailty score uses 3 tools (Katz Activity 

of Daily Living, Lawton Instrumental Activity of Daily Living and the Charlston Comorbidity 

Index), combined with age, to categorise elderly patients into 3 groups: fit, intermediate-fitness 

and frail (5). These assessments were performed on 869 newly diagnosed elderly patients in 3 

prospective trials, using novel agents. The 3 year PFS was 48% in patients categorised as fit, 41% 

in intermediate-fitness and 33% in frail. Higher rates of adverse events, drug discontinuation 

and/or dose reduction were seen with increasing frailty. Thus, the frailty score predicts mortality 

and toxicity risk in elderly patients with newly diagnosed myeloma.  

Mode of Presentation 

A Swedish population study of 15000 patients diagnosed with myeloma over a 30 year period 

found that a previous diagnosis of MGUS correlated with longer OS, leading the authors to 
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conclude that earlier treatment in the prior MGUS population led to improved OS. Alternatively, 

patients who have stable MGUS for a long enough period for it to be detected may have more 

indolent disease (6).  Presentation through the emergency route and a delay in diagnosis of over 6 

months are reported to be associated with decreased overall survival (7). 

Renal Function 

Patients presenting with acute renal failure have a worse outcome compared to those with normal 

kidney function (8), with increased early mortality, approaching 30% in the first 2 months in some 

series (9).  Prognosis is related to the severity of the renal impairment, such that patients requiring 

dialysis treatment had a median survival of under 12 months in one single centre study (10). 

DISEASE BIOLOGY 
This is reflected in the growth rate, the pattern of organ infiltration and other features that indicate 

tumour bulk.  

Proliferation 

Proliferation rate increases with relapsed disease and is one of the strongest adverse prognostic 

factors. In one study, patients with a proliferation index (PI) of 8%, measured as Ki67 expression, 

had showed shorter survival (11). Despite this, Ki-67 has not been widely used to assess 

proliferation in myeloma (12). The plasma cell labelling index (PCLI) measures the percentage of 

cells in S phase, determined by fluorescent microscopy, and its association with poorer outcome 

has been known for some time (13). The percentage of cells in S phase which confers a poor 

prognosis is low (1-3%), reflecting the low cell turnover in most myeloma tumours, although in 

new era with novel agents and increasingly effective regimens, the threshold may change. 

Recently, a high proliferation index (i.e. >1% cells in S phase) determined by multiparameter flow 

cytometry (MFC) has been shown to be a prognostic tool, with median OS 66 months vs 93 months 

using a cut off of ≥1% versus <1% S-phase plasma cells (14). A subgroup of patients with a 

proliferation index ≥3% had median OS 45 months. This study included newly diagnosed 

transplant eligible patients and further analysis suggested bortezomib may overcome the adverse 

prognosis of a high proliferation index.  

A gene expression based proliferation index selected proliferating genes differentially expressed 

between proliferating cells (malignant plasma cells plus non-malignant plasmablasts) and non-

proliferating cells (non-malignant plasma cells and memory B cells) (12). Proliferation determined 

this way was an independent, continuous prognostic variable for EFS and OS in newly diagnosed 

patients treated with high dose therapy and ASCT both in Germany and as part of Total Therapy 

2 (TT2).  

Monoclonal Protein Isotype 

IgA myeloma is associated with a poorer prognosis than IgG isotype, thought to be due to the 

association between IgA myeloma and t(4;14) (15). IgD myeloma accounts for 1-2% of all cases. 

It is associated with advanced disease at diagnosis, extramedullary involvement, renal failure, 

elevated LDH and Beta-2 microglobulin and shorter survival. Survival has improved with the 

use of novel agent therapy, but remains inferior to survival of IgG, IgA and light chain myeloma 

(16). IgE myeloma is rarer, with fewer than 50 cases reported. It presents with similar features 

to IgD myeloma and is associated with an increased incidence of primary plasma cell leukaemia 

and t(11;14) (16).   
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Extramedullary Disease 

Extramedullary disease (EMD) is more prevalent in genetically high risk myeloma and is 

associated with shorter PFS and OS, in the context of novel agents. The Arkansas group found that 

EMD detected prior to ASCT was associated with 31% 5 year OS compared to 59% for patients 

without EMD (17). A prospective study in Italy found that EMD detected by PET/CT (6% of 

patients at diagnosis) was associated with shorter PFS and OS (18). Similarly, a large prospective 

Spanish trial found EMD associated with significantly shorter OS (median not reached vs 46.7 

months), although the CR rate was significantly higher in this group when 

bortezomib/thalidomide/dexamethasone induction was used rather than 

thalidomide/dexamethasone alone (19). 

Plasma Cell Leukaemia and circulating plasma cells 

Plasma cell leukaemia is the most aggressive variant of plasma cell dyscrasias. It is defined as 

>20% plasma cells in the peripheral blood with an absolute plasma cell count > 2 x 109/l, and 

classified as primary (presenting de novo), or secondary (leukemic transformation in 

relapsed/refractory disease). Both categories have with a poor outcome. Primary plasma cell 

leukaemia is associated with a higher prevalence of extramedullary disease, light chain disease, 

high proliferative index, elevated LDH and  Beta-2 microglobulin and plasmablastic morphology 

(20). There is an increased incidence of adverse risk genetic features such as hypodiploidy, 1q+ 

and del(1p). Del(17p) is reported in almost 50% of pPCL and 70% sPCL, compared to 10% in 

newly diagnosed myeloma. A higher prevalence of t(11;14) is reported in  pPCL compared to 

myeloma (20). 

No prospective data has been published. In seven retrospective studies including 20 or more 

patients, without novel therapy, median survival ranged from 6.8 to 12.6 months with 5 year 

survival under 10% (20). Even with novel therapies, prognosis remains poor (20). In the transplant 

setting, 272 patients treated with ASCT had median OS 25.7 months (versus 62.2 months for 

patients with myeloma) (21) whilst 19 of 50 patients (39%) who underwent allogeneic transplant 

were alive at 3 years (22).  Patients with pCL have high response rates but a short duration of 

response (20), suggesting a possible role for maintenance therapy.  Survival of patients with sPCL 

is generally shorter than those with pPCL. sPCL generally represents heavily pre-treated, end stage 

myeloma thus patients are often refractory to therapy at this point, or have a short duration of 

response. 

When the number of circulating plasma cells does not meet the diagnostic criteria for PCL, their 

presence remains indicative of a more proliferative and aggressive disease process. Retrospective 

analysis of blood samples from newly diagnosed and relapsed patients at the Mayo clinic showed 

the presence of low levels of circulating plasma cells, detected by immunophenotpying (>400 

clonal plasma cells per 150,000 events), was associated with shorter OS, despite not meeting the 

diagnostic criteria for PCL (23).  

Intracranial Disease 

Intracranial involvement in myeloma is seen in around 1% of cases and can occur due to osteodural 

or CNS disease (24). The former arises from medullary disease involving skull bones, the latter as 

intraparenchymal lesions with or without leptomeningeal disease with plasma cells in the CSF. 

Prognosis in patients with CNS disease is reported to be < 6 months. Patients with osteodural 

disease have a better prognosis, but still inferior to those without intracranial disease (24).   
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Lactate Dehydrogenase 

A number of studies have shown the association between elevated serum LDH levels and increased 

tumour proliferation rate, presence of extramedullary disease and shorter survival. This was 

initially investigated in the pre-novel agent era, but remains true in the era of novel agents (25). 

GENETIC LESIONS 
Myeloma tumours fall broadly into two subgroups; hyperdiploid myeloma is characterised by 

trisomies of odd-numbered chromosomes whilst non-hyperdiploid myeloma has recurrent 

chromosomal translocations, resulting in dysregulation of an oncogene, juxtaposed to the 

immunoglobulin heavy chain (IgH) enhancer region on chromosome 14. Both pathways lead, 

directly or indirectly, to over-expression of a D-type cyclin.  These chromosomal abnormalities 

are present at the precursor stage of monoclonal gammopathy of unknown significance (MGUS), 

and subsequent somatic mutations, translocations, copy number and/or epigenetic changes drive 

the progression to symptomatic myeloma.  Each genetic event can carry prognostic significance, 

although the use of novel therapies may alter the prognostic impact of some factors previously 

considered high risk in the context of traditional therapies. Table 1 lists the cytogenetic 

abnormalities with prognostic significance in myeloma along with their incidence at diagnosis (26, 

27). 

IgH Translocations 

t(4;14) 

Translocation (4;14) has been shown to confer poor prognosis is a number of studies (28-30). The 

translocation simultaneously dysregulates both MMSET on the der(4) and FGFR3 on the der(14), 

resulting in  overexpression in 100% and 80% of tumours with this translocation respectively (26). 

Cyclin D2 is also upregulated, by an unknown mechanism. There is evidence to suggest patients 

with t(4;14) are a heterogeneous group. In an IFM study, patients with t(4;14) and a high Hb and 

low Beta-2 microglobulin at diagnosis treated with autologous stem cell transplantation in the 

pre-novel agent era had an improved outcome, although worse than those patients without t(4;14) 

(31). Also, the survival of t(4;14) positive patients varied significantly depending on risk status as 

defined by gene expression profiling (32). The poor prognostic impact of t(4;14) may be partly 

overcome by the use of bortezomib induction therapy prior to ASCT (33), especially if followed 

by bortezomib-based consolidation post-ASCT, such as in the Cavo study (34), and in Total 

Therapy 3 (35). Thus increasing evidence indicates that the prognostic impact of t(4;14) may 

depend on the treatment regimen used. The Mayo clinic mSMART risk stratification model has 

downgraded t(4;14) from high risk to intermediate risk due to the improved outcomes with 

bortezomib based therapy (36). 

t(14;16) and t(14;20) 

t(14;16) results in over-expression of MAF, transcription factor for CCND2, and therefore over-

expression of cyclin D2. Whilst t(14;16) is generally considered to be a poor prognostic marker 

(29), there is relatively little data to confirm this. Studies conducted by Mayo clinic and UK MRC 

have both shown t(14;16) to be an independent poor prognostic factor (28, 37), however, the 

number of patients with t(14;16) was small and in Mayo study patients were treated in the pre-

novel agent era. Retrospective analysis of 2 IFM trials found similar outcomes in patients with or 

without t(14;16) (38). Again, the number of patients in these trials carrying t(14;16) was small. 

Over-expression of MAF/MAFB was associated with poorer outcome in Total Therapy 3 trial 

(VTD-PACE, tandem ASCT, VTD then TD maintenance) (35), suggesting t(14;16) would be a 
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poor prognostic marker. t(14;20) has a low prevalence (1-1.5%), results in overexpression of 

transcription factor MAFB which  upregulates cyclin D2, and is associated with shorter survival 

(39).  

t(11;14)  

t(11;14) juxtaposes CCND1 to the IgH enhancer region, leading to direct over-expression of 

CCND1 and therefore cyclin D1. It is generally considered to confer standard risk (30), however, 

as with t(4;14), there is heterogeneity within the group. Based on gene expression profiling, the 

prognosis of tumours over-expressing CCND1 (i.e. with t(11;14)) differed whether they co-

expressed CD20 or not. Those without CD20 expression showed a quicker and deeper response to 

therapy, as shown by higher CR rate, but a shorter duration of CR and lower 2 year OS rates 

whereas those expressing CCND1 and CD20 had a slower time to achieve CR, lower CR rate but 

a longer duration of CR and higher 2 year OS rates (29). Recent studies have suggested t(11;14) 

confers an intermediate outcome with novel agents (40) and, in the case of AL amyloid, a worse 

outcome if treated with bortezomib-based regimens (41).  

t(6;14) 

t(6;14) leads to direct over-expression of CCND3 and therefore cyclin D3, is found in around 5% 

of cases and confered standard risk prognosis in the UK MRC Myeloma IX trial, which  included 

thalidomide based therapy (28). 

Secondary Translocations 

The most notable secondary translocation involves 8q24, found in almost half of myeloma 

patients. These translocations lead to over-expression of MYC. Unlike primary translocations, the 

majority of MYC translocations do not involve an Ig locus (42), suggesting other mechanisms of 

activation. Patients carrying MYC translocations had a poorer outcome in the UK MRC Myeloma 

IX trial (42). 

Copy Number Abnormalities 

Hyperdiploidy (48-75 chromosomal copies) is characterised by trisomies of at least 3 odd 

numbered chromosomes, and is associated with a standard outcomes. Primary IgH translocations 

are rarely found in hyperdiploid myeloma but generally seen in the non-hyperdiploid subgroup 

(<48 or >75 chromosomes) (26). Hypodiploidy has been shown to be an independent predictor for 

reduced OS (43). The presence of trisomy of at least one odd numbered chromosome was reported 

to abrogate the poor prognostic impact of adverse lesions [t(4;14), t(14;16), t(14;20), and del(17p)] 

in newly diagnosed patients treated with a novel agent in a retrospective analysis at Mayo Clinic 

(44). These findings were not replicated in the prospective UK MRC Myeloma IX study where 

coexistent hyperdiploidy or t(11;14) did not overcome the poor prognosis associated with adverse 

cytogenetics (45). 

Copy number abnormalities involving chromosome 1, i.e. gain of chromosome 1q (1q+) and loss 

of chromosome 1p, del(1p), frequently occur together and are both associated with a poorer 

outcome. 1q+ is found in 35-40% of cases (26, 27), the frequency increasing with disease 

progression (46). 1q+ impacted on survival in a number of studies, in both transplant eligible and 

ineligible patents (28, 47, 48) and is associated with other adverse lesions such as t(4;14) (49). The 

adverse impact of 1q+ is not altered by the use of thalidomide or bortezomib upfront (47, 48). 

Patients with more than 3 copies of 1q have a worse outcome, suggesting a possible a dosage effect 

for the genes carried on 1q (47, 50). 
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Loss of 1p is found in around 10% of cases (51). At least 2 potential genes on chromosome 1p 

could be involved. CDKN2C encodes for the cyclin dependent kinase inhibitor p18, loss of which 

leads to increased proliferation and poor prognosis (26). Mapping of chromosome 1p deletions in 

myeloma has also found FAM46C at 1p12 to be a region associated with poor survival (52). The 

adverse impact of del(1p) is largely described in the context of ASCT (52). 

Del(17p), including the TP53 locus, is seen in around 10% of untreated myeloma cases, and 

prevalence increases with disease progression (26). It is a strong poor prognostic factor in 

numerous different treatment regimens (30, 33), however, data from the HOVON/GMMG-HD4 

trial suggest that proteasome inhibitor triplet combination induction therapy, consolidated by 

double ASCT and maintenance with proteasome inhibitors can at least partly overcome the poor 

prognosis of del(17p) (47). The percentage of cells carrying del(17p) may be important, and a 60% 

cut-off has been suggested by IFM (33) whilst further analysis is suggested by  the European 

Myeloma Network (53). 

Del(13q) is found in around 40% of cases, and the resulting haplo-insufficiency of RB1, releasing 

the brake on the cell cycle, may be important (26). Detection of  del(13q) by FISH alone is not an 

independent prognostic marker, as it is closely associated with other poor risk features, especially 

t(4;14), which harbour del(13q) in 80% of cases  (28-30).   

One or more lesions? 

Data from the MRC Myeloma IX trial suggested adverse IgH translocation [i.e. t(4;14), t(14;16), 

t(14;20)], 1q+ and del(17p) each had a similar negative impact on survival when present 

individually.  There was an association between the number of adverse lesions present and 

progressively shorter survival (OS if no adverse lesions 60.6 months, 1 adverse lesion 41.9 months, 

>1 adverse lesion 21.7 months) (28). 

FISH abnormalities at relapse 

The majority of studies reporting the impact of cytogenetics on survival in myeloma have 

investigated newly diagnosed patients. Evidence also exists for the prognostic impact of 

cytogenetics at relapse. For example, t(4;14) is associated with aggressive disease at relapse (54), 

including resistance to alkylating agents at relapse post ASCT and only short duration of response 

to thalidomide (55). A single centre study of FISH analysis at relapse in 154 consecutive patients 

found that patients with adverse cytogenetic abnormalities detected at relapse [t(4;14), t(14;16), 

del(17p), del(1p), 1q+] had significantly inferior PFS (5.6 months vs 9.8) and OS (15.6 months vs 

not reached) compared to those with standard risk FISH [t(11;14), normal or other] (51). 

Proteasome inhibitor based therapy at relapse significantly improved survival for high risk 

patients, achieving similar survival outcomes to those with standard risk FISH. 

Recurrent mutations 

Activating mutations are found in a number of genes in myeloma, with frequencies varying in 

different studies e.g. NRAS (20-30%), KRAS (15-20%), BRAF (5%), CCND1 (12%), MYC (1%) 

and a number of genes in the NF-кB pathway (6-17%) (27, 50, 56). Mutations in TP53 are present 

in around one third of cases with del(17p) but are much less prevalent in patients without del(17p). 

Mutations in other genes in the DNA repair/apoptosis pathway (e.g. ATM, 3% and ATR, 1.5%) 

are also seen (50). 

There are conflicting reports regarding the prognostic significance of NRAS and KRAS mutations. 

Studies performed prior to the novel agent era reported the poor prognostic impact of KRAS 

mutations (56). Recently, results from the APEX trial suggested that NRAS mutations conferred 
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resistance to single agent bortezomib in previously treated patients (57). In 463 newly diagnosed 

patients treated intensively and non-intensively with novel therapies in the NCRN Myeloma XI 

trial, the RAS/MAPK pathway was the most frequently mutated pathway but was prognostically 

neutral (50). In the same study, CCND1 mutations were associated with t(11;14) and had a 

negative impact on OS (2 year OS 38.1% vs 80%). Mutations preventing apoptotic signalling also 

had a negative impact on outcome, and when combined, ATM, ATR and TP53 mutations and 

del(17p) had a significant impact on both PFS and OS (50).  In a multivariate analysis for OS, 

TP53, CCND1, ATM and ATR mutations were independent prognostic factors. In contrast, 

mutations in IRF4 (mutated in 3.2% cases) and EGR1 (3.7%), both of which are IMiD target genes, 

were associated with a favourable OS. When poor prognostic mutations were combined with 

adverse cytogenetic abnormalities, a cumulative negative impact was seen. Patients with 2 or more 

adverse lesions accounted for 13% of the patient group and had a 2 year OS 45% vs 83% for 

patients with less than 2 adverse lesions. 

The existence of intra-clonal heterogeneity in myeloma tumours has become increasingly apparent 

(58). In addition to mutational load being a poor prognostic factor, analysis of patients from the 

same Myeloma XI trial showed that increased subclonal diversity was associated with poor 

outcome (59). 

EXPRESSION AND EPIGENETIC SIGNATURES 
Several groups have used gene expression profiling (GEP) to risk stratify myeloma patients. The 

first model was described by the Arkansas group (32). A 70-gene high risk signature, seen in 13% 

of patients treated on Total Therapy 2 (TT2) and Total Therapy 3 (TT3), was associated with 

inferior event free survival (5 year EFS 18% vs 60% p<0.01) and OS (5 year OS 28% vs 78% 

p<0.01). Further analysis reduced these genes down to 17, with over-representation of upregulated 

genes from chromosome 1q, and downregulated genes mapping to 1p. Analysis of sequential 

samples taken at diagnosis and subsequent relapse showed the percentage of patients with a high 

risk score increased at relapse, from 13% to 76% and this was again associated with shorter OS.  

The same group derived an expression signature, GEP80, correlating with resistance to bortezomib 

and found enrichment for genes involved in protein ubiquitination pathways (60). One of these, 

PSMD4, resides on chromosome 1q and its expression is sensitive to copy number. In TT3, PFS 

and OS progressively shortened with increased copy number of chromosome 1q and PSMD4 

expression. This is a potential explanation for the data from the HOVON-65/GMMG-HD4 study, 

discussed above, where half of the patients were treated with bortezomib, and overall inferior 

outcomes were seen with increasing 1q copy number (47).  

The IFM 15 gene model based on newly diagnosed patients treated on the IFM-99 clinical trials, 

predicted 3-year survival of 90.5% in the low risk groups vs 47.4% in the high risk group, and was 

validated in some other clinical cohorts (61). The high risk group was characterised by over-

expression of genes involved in mitosis and when cytogenetics were analysed, this group was 

associated with del(17p), 1q+ and t(4;14) FISH abnormalities whilst the low risk group was 

associated with hyperdiploidy. Combining high risk IFM-15 model with presence of t(4;14) and 

Beta 2 microglobulin ≥ 5.5 produced a high risk group with 3 year OS of only 34%. 

The EMC-92 GEP signature was developed using the HOVON-65/GMMG-HD4 data set then 

subsequently validated on data sets from TT2 (thalidomide based), TT3 (bortezmib based), MRC-

IX (transplant eligible and non-eligible) and APEX (relapsed patients) clinical trials (62) . In each 

case a high risk population was defined, accounting for 16-24% of the patient population. Thus, 

this was shown to be highly discriminating irrespective of treatment regimen, age and relapse 
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status. Again, enrichment of the long arm of chromosome 1 was seen in the probe sets used in this 

study. When cytogenetic abnormalities within the EMC-92 and UAMS-70 signatures were 

analysed, poor prognostic cytogenetic abnormalities [defined as 1q+, del(17p), t(4;14), t(14;16), 

t(14;20) and del(13q)] were enriched in the high risk groups.   

  

DNA Methylation 

The prognostic significance of epigenetic regulators has also been explored by examining the 

association between methylation status and prognosis in myeloma. Both hypo- and 

hypermethylation of various genes has been implicated in prognosis. Kaiser et al (63) analysed 

samples from both intensive and non-intensive arms of MRC-IX trial and found that 

hypermethylation of four tumour suppressor genes (GPX3, RBP1, SPARC and TGFBI) was 

associated with decreased gene expression and significantly shorter OS, independent of age, ISS 

score and cytogenetics. Methylation status was able to distinguish two subgroups within the 

hyperdiploid group with differing outcomes (64).  Global hypomethylation has been shown to be 

associated with a poorer outcome in myeloma patients (OS 11.9 vs 61.7 months) (65).  

microRNAs 

MicroRNAs are small, non-coding, single stranded RNAs, typically 19-25 nucleotides long, which 

regulate gene expression by binding to complementary sites in mRNA, resulting in mRNA 

degradation and inhibition of protein translation. They have been shown to regulate critical genes 

involved in the pathogenesis of myeloma, including the TP53/MDM2 (66) pathway and are 

variously up or down regulated in myeloma. Different genetic subgroups have distinct patterns of 

microRNA expression (67). Expression levels of certain microRNAs have been shown to be 

associated with OS (66, 67).   

RADIOLOGICAL FEATURES AND EFFECT OF THERAPY 
Imaging at diagnosis has been shown to be associated with prognosis. In TT3, numbers of focal 

lesions detected by MRI and PET/CET, and metabolic activity, were positively linked to GEP high 

risk disease (68). Eight or more focal lesions on MRI of the axial skeleton was associated with 

inferior EFS, but not OS, as was the degree of uptake on PET/CT.  On further analysis, the 

prognostic impact of FDG-avid CT/PET lesions was confined to gene-array defined low risk 

patients. Patients with high risk myeloma, defined by GEP, all fared badly, irrespective of CT/PET 

findings (69). Similar results were obtained in an Italian study in which patients received 

thalidomide/dexamethasone induction followed by tandem ASCT. (18). Presence of at least 3 

focal lesions, degree of uptake and extramedullary disease were all associated with shorter PFS, 

and the latter two feature were also associated with shorter OS. Newly diagnosed patients with a 

diffuse pattern of marrow infiltration on MRI are reported to have inferior survival compared to 

those with other patterns (focal, variegated and normal), although this was partly overcome by 

the use of novel agent-based therapies(70).  

Changes in MRI defined focal lesions post-treatment have been reported to correlate with response 

to therapy. The number of focal lesions present on a post-ASCT MRI scan had prognostic 

significance for both PFS and OS (71). In TT2 trial, resolution of focal lesions on axial MRI was 

associated with superior survival (72), suggesting residual focal lesions may be a source of relapse. 

One potential disadvantage of MRI is the concern it provides false positives due to nonviable 

lesions (73).  In TT3 trial, complete FDG suppression in previously avid PET/CT lesions post 

induction therapy correlated with superior EFS and OS  (69). In a retrospective study of 191 
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patients, imaging changes occurred faster on PET/CT than MRI in patients who responded to 

therapy (73). In keeping with this, >3 PET positive lesions on day 7 of induction in the TT3 trial 

were associated with a poorer outcome. The prognostic significance of the 7 day PET/CT remained 

in the GEP high risk sub-group (74). The Italian study discussed above also found that persistent 

FDG positive lesions after thalidomide/dexamethasone induction was associated with shorter PFS 

whilst PET negativity 3 months post ASCT predicted improved PFS and OS (18). The IFM/DFCI 

2009 trial (bortezomib, lenalidomide and dexamethasone induction) compared PET/CT with 

MRI and preliminary results suggest normalisation of PET/CT is the superior predictor for survival 

(75).  

STAGING SYSTEMS 

International Staging System 

The International Staging System (ISS) replaced the previous Durie-Salmon staging system and  

defines 3 categories (Table 2). It reflects tumour burden and renal function (Beta-2 microglobulin) 

along with general performance status (albumin). The ISS retains prognostic value for 

conventional chemotherapy, high dose therapy and novel agents (76, 77), and is also prognostic 

for overall survival at relapse (78). 

Combined ISS and Cytogenetics 

Several groups have reported that combining ISS score with cytogenetic risk can more accurately 

predict prognosis than using either tool alone.  Boyd et al analysed 1960 patients treated on the 

MRC Myeloma IX trials. They combined ISS stage with the presence of 0, 1 or >1 adverse genetic 

lesions (adverse IGH translocation, del(17p) or 1q+) to define 3 risk categories. Median OS in the 

lowest risk group (ISS I or II with no adverse lesion or ISS I with 1 adverse lesion) was 67.8 

months versus 19.4 months in the highest risk group (ISS II or III plus >1 adverse lesion), which 

accounted for 13.8% of patients (28). An International Myeloma Working Group (IMWG) 

collaborative project retrospectively analysed 2642 patients treated worldwide, with 59% treated 

intensively. ISS stage combined with the presence or absence of t(4;14) and/or del(17p) created 3 

risk groups. The lowest risk group had 4 year median OS of 71% vs 33% for the highest risk group 

(79). This was confirmed by Neben et al, who showed that the same combined ISS score with 

t(4;14) and del(17p) again predicted PFS and OS much better than ISS alone, specifically in 

patients undergoing autologous stem cell transplant (80). 

Revised-International Staging System 

Recently the IMWG has taken the concept of combining ISS with genetic risk factors a stage 

further to produce the Revised International Staging System (R-ISS) (81). Data from 4445 patients 

with newly diagnosed myeloma enrolled onto 11 international trials were pooled. In all but one 

trial, patients received an IMiD or proteasome inhibitor as part of their therapy. Patients were risk 

stratified according to ISS stage, presence or absence of high risk cytogenetics, defined as t(4;14), 

t(14;16) and del(17p) and normal or high serum LDH. Combining these parameters, three risk 

groups were determined, as outlined in Table 3. 

QUALITY AND DEPTH OF RESPONSE 
A number of studies have established the link between depth of response and improved OS (82, 

83). The IFM group showed attaining at least Very Good Partial Response (VGPR) was associated 

with a favourable outcome (83) in patients treated with bortezomib and dexamethasone or VAD. 
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Patients who achieved ≥VGPR post induction had longer PFS compared with those who only 

achieved ≥VGPR following high dose therapy plus ASCT (41.2 months vs 31.1, p=0.01).    

A retrospective analysis of newly diagnosed elderly patients treated with novel agents showed 3 

year OS was 91%, 70% and 67% for patients achieving Complete Response (CR), VGPR and 

Partial Response (PR) respectively (82). Analysis of 344 patients undergoing ASCT in Spain 

showed patients achieving CR had significantly longer OS compared to those achieving nCR (35% 

vs 22% OS at 12 years), with no significant difference in OS between patients achieving nCR, 

VGPR or PR (84).  

A single centre analysis of autologous stem cell transplant outcomes in 338 consecutive patients, 

found that early relapse post ASCT was the most important predictor of OS (median OS 1.6 years 

if relapse within 12 months vs 7.2 years if not) and appeared to outweigh the impact of high risk 

cytogenetics (85), with other studies showing similar results (86). 

The importance of achieving a CR for long term outcome may not apply to all groups. In TT2, CR 

was predictive in the high risk GEP group only (87). In the same cohort, achieving CR had no 

significant impact on outcome in patients with a history of prior MGUS or asymptomatic myeloma 

(88). Symptomatic myeloma patients with an MGUS-like gene expression profile had lower CR 

rates but superior survival (89).  

Stringent CR criteria (sCR) was introduced by IMWG in 2006, adding normal SFLC ratio plus the 

absence of clonal plasma cells in the marrow to the pre-existing CR criteria. Only one study has 

reported benefit of sCR over CR however , whilst others have suggested SFLC values do not 

provide additional prognostic information (90).  

 

Minimal Residual Disease (MRD) 

There are three main methods to detect MRD in myeloma: next generation sequencing (NGS) of 

immunoglobulin genes, MFC and sensitive imaging techniques (e.g. CT-PET), which are 

important for extramedullary disease/relapse. NGS is highly sensitive, (10-6) but relatively time 

consuming and a diagnostic sample is mandatory (91, 92). MFC does not necessarily require a 

diagnostic sample, is less time consuming than NGS and provides intra-assay validation, since 

haematopoietic precursors can be detected, identifying haemodilute samples (91). Sensitivity is 

generally lower than that achieved by NGS (10-4 to 10-5 using 6 colour flow), although 10-5 to 10-

6 may be possible with 8 colour flow. 

MRD negativity, monitored by MFC, is associated with prolonged PFS and OS, in transplant 

eligible and ineligible patients (91, 93). In the intensive arm of the MRC Myeloma IX trial, median 

OS was 59.0 months for patients who were MRD positive after ASCT versus 80.6 months in MRD 

negative patients (93). This outcome advantage was seen in patients with standard and high risk 

cytogenetics.  

MRD analysis by NGS was performed on 133 patients treated in GEM clinical trials, both 

transplant eligible and ineligible, some of whom were treated with novel agents. Patients who were 

MRD negative had a significantly longer time to progression and OS (median not reached vs 81 

months) compared with MRD positive patients (92).  

Considering MRD level as a continuous variable can improve its predictive value. In the MRC 

Myeloma IX trial intensive arm, approximately 1 year median OS benefit was noted per log 
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depletion of MRD level (94). MRD levels assessed by NGS can also be quantitative. Martinez-

Lopez et al found when patients were stratified according to different levels of MRD, TTP medians 

were as follows: MRD ≥ 10-3 27 months, MRD 10-3 to 10-5 48 months and MRD < 105 80 months 

(92). 

Two independent studies have shown that MRD positivity in the bone marrow can identify patients 

with solitary plasmacytomas at high risk of progression to multiple myeloma. At a median of 26 

months follow up, 71%  and 72% of patients with solitary bone plasmacytoma plus MRD positivity 

detected by MFC progressed to myeloma compared to 6% and 12% of patients with negative bone 

marrow results respectively (95). 

MRD assessment has prognostic value in relapsed myeloma. Patients in the BSBMT/UKMF 

Myeloma X trial were treated with PAD re-induction followed by randomisation to consolidation 

with second ASCT or weekly cyclophosphamide. MRD analysis by MFC post-consolidation in 

patients achieving CR revealed longer OS in those who were MRD negative (25 months vs 10 

months) (96).  

Predictive Biomarkers 
Prognostic markers provide information about outcome, whereas predictive markers provide 

specific information about the likelihood of response to particular drugs or regimens. Prognostic 

markers are important for risk stratification, which may influence therapeutic choices, whereas 

predictive markers are useful for individualising treatment. A marker can be prognostic, predictive 

or both. Until recently, few if any predictive markers were known in myeloma. More recently, it 

has been shown that cereblon expression is required for the anti-myeloma activity of lenalidomide 

and pomalidomide (97). In a study of 53 refractory myeloma patients treated with pomalidomide 

and dexamethasone, no patient with very low cereblon expression responded. Cereblon levels 

predicted for significant differences in PFS (3.0 months vs 8.9, lowest quartile vs highest three 

quartiles) and OS (9.1 months vs 27.2) (98). 

The presence of RAS mutations, or mutations in the RAS/MAPK pathway, may identify a group 

of patients suitable for treatment with MEK inhibitors (99), whilst BRAF mutations may be 

amenable to BRAF inhibition (58). Mutations in the NF-кB pathway could also be targeted 

therapeutically (50). 

Integrating risk factors and staging systems for practical use 
 

The R-ISS is an attempt at integrating both host and tumour-related factors to produce an 

estimate of survival, however it is clear that other factors also contribute to the risk for each 

patient.  Table 4 summarises the most significant factors, including the quality of response 

and speed of relapse.  The R-ISS is a useful tool to guide patient counselling, and choice of 

regimen in newly diagnosed patients requiring treatment.  For example, patients with Stage 3 

disease should be treated with a proteasome inhibitor and IMiD combination, where available 

and depending on patient fitness.  Choice of first line regimen will increasingly be influenced 

by the baseline risk group that a patient falls into. While evidence from prospective studies is 

lacking, accumulating data from sub-group analyses of large phase 3 studies provide the basis 

for current guidance (100).  Adverse disease features at baseline not included in the R-ISS 

such as extra-medullary disease may be used to “up-stage” a patient, in whom attempts should 

be made to achieve a functional response (PET-CT negative) following initial therapy.   
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Patients who relapse early following completion of frontline therapy clearly have high risk 

disease and should be entered into clinical trials where available, and the acquisition of 

additional genetic lesions at relapse may also alter risk, as indicated in a recent retrospective 

study (51).  

 

 

Summary 

Our understanding of the factors that influence prognosis in myeloma has advanced considerably 

so that we now recognise the contribution of a range of features that include patient fitness,   

disease biology, genetic lesions, radiological features and depth of response, including MRD 

analysis. Prognostic factors can be combined to give greater information, as in the R-ISS. 

Understanding prognosis in myeloma will remain an evolving concept for the foreseeable future 

due to the development and increasing accessibility of new tools, e.g. GEP, MRD analysis, as well 

as the need to revalidate pre-existing models as therapies advance. One of the key challenges will 

be to establish links between prognostic factors and the relative importance of different factors. 

Until recently, prognostic information in myeloma was mainly used for patient information and 

managing expectations. With an increasing choice of ever improving regimens with varying 

intensities and toxicity we may now be able to use risk stratification to adapt treatment strategy, 

both at diagnosis, and further along the treatment pathway, where the use of MRD tools may 

identify some patients for intensification, and others to de-escalation of therapy. Risk adapted 

strategies have yet to be assessed in prospective clinical trials, an issue which is likely to be 

addressed with current trial designs.  Patient choice and priorities will increasingly feature in 

treatment decisions, and prospective studies should include quality of life assessments in order to 

better inform patients and clinicians undertaking such decisions.  

Such risk adapted approaches would signify the first step towards individualised therapy. Further 

advances towards this have been achieved by the recent discovery of predictive biomarkers in 

myeloma. Pending validation of these predictive biomarkers in prospective clinical trials, 

integration with multi-modality prognostic information should lead to a future myeloma treatment 

landscape which is personalized and more efficacious. 
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STANDARD RISK HIGH RISK 

CYTOGENETIC 

ABNORMALITY 

INCIDENCE (%) CYTOGENETIC 

ABNORMLAITY 

INCIDENCE (%) 

t(11;14) 

 

t(6;14) 

 

HYPERDIPLOIDY 

15% 

 

5% 

 

50% 

t(4;14) 

 

t(14;16) 

 

t(14;20) 

 

del(17p) 

 

del(1p) 

 

gain(1q) 

15 

 

2-3 

 

1 

 

10 

 

10 

 

35-40 

 

 

Table 1. Prognostic cytogenetic abnormalities in newly diagnosed multiple myeloma (26, 27). 

 

 

 

STAGE I STAGE II STAGE III 

Beta-2 microglobulin < 

3.5mg/l  

AND albumin ≥ 35g/l 

Not fitting 

criteria for stage 

I or III 

Beta-2 microglobulin ≥ 5.5mg/l 

   

 

Table 2. International Staging System (ISS) 

 

 

 

 STAGE I STAGE II STAGE III 

 ISS I  

AND standard risk 

cytogeneticsa by FISH  

AND normal LDH 

 

Not fitting criteria for 

stage I or III 

ISS III  

AND EITHER high risk 

cytogeneticsb by FISH  

OR high LDH 

MEDIAN PFS 

(months) 
66 42 29 

MEDIAN OS 

(months) 
NOT REACHED 83 43 

 

a Standard risk cytogenetics by FISH  = no high risk abnormality 

b High risk Cytogenetics by FISH = del(17p) and/or t(4;14) and/or t(14;16) 

 

Table 3. Revised International Staging System (R-ISS) 
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Table 4: Summary of prognostic factors 

 

 Baseline Post-treatment 

Tumour biology Genetics* § (Further genetic changes)** 

 Proliferative rate & Circulating plasma 

cells 

Depth of response 

 Extramedullary disease 

 

Timing and tempo of relapse 

Tumour burden Beta-2 microglobulin* 

 

Depth of response (CR, 

Minimal residual disease status) 

 LDH* PET-CT response 

Patient factors Age Treatment emergent toxicity 

 Albumin* Frailty 

 Frailty 

 

Age 

 

* incorporated in R-ISS scoring system  

** acquisition of additional genetic lesions such as del(17p) or 1q amplification would indicative of 

worse prognosis 

§ the co-existence of ≥2 adverse features, eg t(4;14) with 1q+ or with ISS 3, high LDH or poor 

response to an optimal induction regimen of a proteasome inhibitor and an IMiD confers an “ultra 

high” risk associated with a survival of under 2 years (100) 

 

 

 

ABSTRACT 

Outcomes in multiple myeloma have greatly improved over the last decade due to the introduction 

of newer, more effective therapies. This improvement is not uniform however and it is increasingly 

apparent that myeloma is a heterogeneous disease, with some patients living for 1-2 years whilst 

others are alive and progression free at 10 years. This variation in outcome is due to patient 

characteristics plus features intrinsic to the myeloma tumour. Determining such prognostic factors 

is important not only for more accurate counselling of patients regarding disease outcome, but also 

in paving the way for risk adapted therapy, since the prognostic value of certain markers varies 

according to which therapy the patient receives. This article summarises current concepts of 

prognostic markers in myeloma. 

 


