RISK STRATIFICATION IN MULTIPLE MYELOMA IN INDIAN
SETTINGS
Introduction
Multiple myeloma (MM) is characterized by malignant proliferation of plasma
cells producing monoclonal protein. The outcome has drastically improved in
the patients of MM in last decade due to a better understanding of the disease
biology and evolution of newer therapies1,2. Prognosis can vary from patient to
patient even with similar staging and host factors, which can be explained
based on underlying disease biology1. Many prognostic factors which define
the innate aggressiveness of the disease have been described and attempts
have been made to risk stratify the patients using these prognostic factors. This
is important for predicting the clinical aggressiveness of disease as well as the
known fact that some of these factors can be overcome by the use of newer
treatment modalities2,3. Thus with the changing paradigm of the treatment
options, a uniform risk stratification system is the need of the time, to allow
better comparisons of the patient's groups, given the heterogeneity in their
outcomes.
Each nation or regional group has its own data system which is utilized for
research purposes, inter-regional comparisons, clinical trials and therapeutic
interventions. Though there is immense western data on genetic abnormalities
in patients of MM, there is a paucity of Indian data despite the substantial
burden of the disease, thus hampering the inter-study comparisons. Though
large scale studies from India have considered prognostic impact of initial
staging

4,

only small retrospective studies have studied cytogenetics as a

prognostic tool 5. Identification of genetic abnormalities has major prognostic
and likely predictive impact; hence it becomes important to construct a set of
Indian data. Need for standard guidelines required for minimal risk stratification
in the Indian setting, becomes inevitable. Risk stratification is also very
important for patient counselling, as the first few questions of most Indian
patients after they are told about the diagnosis of MM is ‘How much time do I
have?’, ‘How advanced is the cancer?’ and ‘What is the stage of this cancer?’.
These questions can be addressed only after appropriate risk stratification.

In this paper, we will review the current knowledge about these factors and their
utility for risk stratification as well as bare minimal risk stratification required to
be done in resource constraint settings. We will also address the shortcomings
of various methods of cytogenetics in terms of their sensitivity and technical
aspects like sampling, processing and plasma cell enrichment for enhancing
the ability of techniques like FISH to detect abnormalities. Last but not the least
is to consider the extra financial burden and cost benefit analysis in carrying out
complete recommended risk stratification in Indian setting.

Prognostic markers
Prognostic factors define the innate aggressiveness of the disease, irrespective
of the treatment received. These include patient factors, tumor factors, disease
biology and availability and response to therapy. Prognostic studies are
essential for risk stratification of patients of MM. This is important to understand
the

aggressiveness

of

the

disease,

chances

of

survival,

rational

selection/sequencing of the therapy and to explore other research questions.
Though cytogenetics explains a large fraction of disease heterogeneity, host
factors form an important component in determining patient outcome1,6. Host
factors such as age, performance status, and co-morbidities have a
predominant role in determining prognosis at the onset of the disease. Trials
have shown that young and fit patients do well despite high risk genetic profile
presumptively because of better tolerability of the therapy7.

Moreover,

different prognostic factors may change with disease relapse/progression i.e.
the factor that can predict the outcome at the onset of disease may have a
reduced effect on relapse. Risk stratified therapy is considered as the backbone
in hematological malignancies and is widely used in leukemias and lymphomas.
Risk stratification in MM, based on available prognostic factors helps in
minimizing the treatment related toxicity and maximizing the outcome in low risk
patients8. It is of utmost importance that future trials should address the different
risk groups for therapeutic consideration.

Prognostic classification
It incorporates variables affecting the outcome of newly diagnosed patients of
MM treated with multiple treatment modalities7,8,9. Apart from patient factors, it
includes
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hypercalcemia), and cytogenetics. Cytogenetics as an example, the
t(4;14)(p16;q32) has been associated with more aggressive disease at baseline,
and worse outcome as well as shortened survival even in the group of patients
treated with conventional or high-dose chemotherapy9,10. Also, recent studies
have shown that the worse prognostic significance of patients harboring
t(4;14)(p16;q32) may be ameliorated by using bortezomib based therapy11,12.

Staging
One of the important prognostic factors is tumor burden, which is evaluated by
staging. Two main staging system exists: the International staging system
(ISS)13 and the Durie-Salmon staging (DSS) system14. Though studies have
not proven any superiority of ISS over DSS in determining predictive ability, the
former is being preferred in view of its simplicity and exclusion of subjectivity.
These staging systems are predominantly used for risk stratification of patients
enrolled in clinical trials for allowing its better interpretation and comparison of
such trials.
Recently, the revised International Staging System (R-ISS), based on 3060
patients enrolled in the 11 international trials, incorporated the factors
included in the original ISS (serum B2M and serum albumin), and added
prognostic information obtained from serum lactate dehydrogenase (LDH)
and

high-risk

chromosomal

abnormalities

detected

by

interphase

fluorescence in situ hybridization (FISH)15. The information provided by RISS is more comprehensive and robust as compared to ISS. Patients with
ISS stage III (B2M ≥5.5 mg/L) plus LDH above normal limits and/or detection
of one of the following by FISH: del(17p), t(4;14), or t(14;16) are considered
to be high risk as per R-ISS. Advantages and shortcomings of various staging
systems have been summarized in table-1.
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Cytogenetics
A simplified risk stratification based on combined ISS-genetic prognostic
system has been proposed by International myeloma working group (IMWG),
dividing patients into low risk, standard risk and high risk categories (table 2)16.
t(11;14)(q13;q32): Of all newly diagnosed MM patients, 15% harbor
t(11;14)(q13;q32) with resultant upregulation of cyclin D1. It is associated with
typical characteristic features such as lymphoplasmacytic morphology,
CD20expression, hyposecretory and λ light chain disease17,18. Though not
strong enough to be statistically significant, in most of the studies this aberration
is associated with favorable outcome except in cases of plasma cell leukemia
where this translocation is associated with the aggressive disease.

t(4;14)(p16;q32): The unique clinicopathological features associated with this
particular translocation are IgA heavy chain disease, λ light chain disease,
and
Table 2.

Initial Risk Stratification and outcome in Multiple Myeloma16
High Risk

Parameters
Median OS

ISS II/III and t(4;14)a or
17p13 del
2 years

% Patients

20%

Intermediate
risk
Others

Low risk

7 years

ISS I/II and absence of t(4;14), 17p13 del and
+1q21 and age <55 years
>10 years

60%

20%

high prevalence of coexistent chromosome 13 abnormalities10,19. The
translocation results in increased expression of FGFR3 and MM SET domain
(MMSET) and is often not detectable by conventional karyotyping, and thus
requiring FISH or RT-PCR. Several groups have shown that patients harboring
t(4;14)(p16;q32) are associated with shorter remission and overall despite high
dose chemotherapy with stem cell support20,21.
t(14;16)(q32;q23): The translocation t(14;16)(q32;q23), arising from IgH gene
rearrangements involving a fragile site in chromosome 16, is found in 5-7% of
patients. Other characteristic features include higher frequency of associated
chromosome 13 deletion, IgA isotype and more aggressive clinical course of
the disease9.
Chromosome 13 abnormalities: Multiple trials have shown the critical role of
chromosome 13 as a pre-requisite for clonal expansion of tumor. Among all
cases with chromosome 13 abnormalities, 85% constitute monosomy, and the
remaining 15% are interstitial deletions. Though chromosome 13 abnormalities
are associated with poor prognosis and shorter survival, there is no significant
prognostic difference between monosomy and deletions. More than 90% of
cases with t(4;14)(p16;q32) are co-associated chromosome 13 deletion 22,23.
17p13 deletion: 17p13 deletion (the locus for the tumor suppressor gene, p53)
is a more important prognostic factor in patients with MM8,9. In multiple series
17p13 has been proven as a negative prognostic factor associated with
aggressive disease, higher prevalence of extramedullary disease (such as
plasmacytomas), hypercalcemia. Despite aggressive therapy and high dose

therapy (HDT), these patients have an inferior outcome and shorter overall
survival 8,9,24. It has been hypothesized that the plasma cells are indeed capable
of surviving at extramedullary locations, but they will usually undergo apoptosis
in the presence of an intact p53 response, thus 17p53 del is associated with
extramedullary disease and plasma cell leukemia25.
Chromosome 1 abnormalities: Chromosome 1 abnormalities, most of which
involve rearrangements involving the pericentromeric region, are highly
prevalent in patients of MM. Though two series have failed to conﬁrm the
overriding negative prognostic association with chromosome 1 ampliﬁcation
detected by FISH, recent data confirms the worse prognosis in patients of MM,
with gain of chromosome 1q despite novel agents based therapies26,27
Hyperdiploid and non hyperdiploid-MM: MM can be broadly divided into
two major groups, hyperdiploid MM (h-MM) (harboring numerous chromosomal
trisomies and a low prevalence of IgH translocations) and non-hyperdiploid MM
(nh-MM) (encompassing hypodiploid, pseudodiploid and near tetraploid MM,
and highly enriched for IgH translocations). Though this classification has no
major clinical implication, h-MM is associated with more advanced age at
diagnosis, bone predominant disease, and favorable outcome28,29. In one
series h-MM, patients with chromosome 13 deletion were associated with
shorter survival whereas in a larger series this prognostication was not apparent.
Further h-MM has been divided based on gene expression profiling into four
different groups, to discriminate the patients with poor prognosis and shorter
survival.
Circulating tumor cells: Circulating plasma cells (PC) detected by either
immunofluorescence assay or via flow cytometry by gating on CD38+/CD45cells, have an adverse prognostic implication and act as a surrogate of high risk
disease30,31,32. It can be detected in all patients with plasma cell leukemia, in
80% of patients with newly diagnosed MM and 90% of those with relapsed
disease30. Studies have confirmed shorter median survival for patients with
more than 10 circulating PC versus those with less than 10 circulating PC per
50000 mononuclear cells31,32.

A significant correlation has been found between

number of circulating PC

with levels of serum β2 microglobin. Prognostic value of ISS incorporated with
circulating PC (β2 microglobin, Albumin, circulating PC) has been proven to
be superior to ISS alone. Patients with no (low risk), one (low-intermediate
risk), two (high-intermediate risk), or three (high risk) of these adverse factors
had median survivals of >79, 48, 32, and 13 months, respectively. This is
useful in predicting poor outcome in a subset of patients prior to
chemotherapy and stem cell transplant33,34.

Technical aspects
Clonal proliferation in MM is unique and differs from other hematologic
malignancies in possessing high fraction of low proliferating malignant PC,
posing a great challenge for standardization of cytogenetic analysis. Due to the
same reason, conventional karyotyping is able to detect genetic abnormalities
in only up to 30% of patients whereas, comparative genomic hybridization has
confirmed that almost all myelomas have karyotypic changes35,36,37. Beyond
doubt, Interphase FISH has emerged as a highly sensitive technique for
cytogenetic

assessment,

appropriate

processing
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the

of
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cells

timely
by
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immunophenotyping. However, sorting of PC is required before FISH probes
can give reliable results38,39.
Cytogenetics is hampered not only by low proliferation activity of plasma cell in
BM aspirates but also owing to the low median proportion of malignant plasma
cells in the samples. FISH technique could not be directly performed as in other
hematological malignancies. The PC need to be selected, either by flow
cytometry or CD138 immunomagnetic-bead based PC sorting or by the
concomitant labeling of the cytoplasmic immunoglobulin light chain, so as to
improve the sensitivity of FISH and produce reliable results40,41.Studies have
shown that in the enriched bone marrow aspirate samples, the plasma cell
percentage ranged from 28 to 96% (median, 72.5%), as compared to 1 to 28%
(median, 8%) in non-enriched samples, resulting in detection of genetic
abnormalities by FISH is three times more in PC enriched samples41.
Availability of high resolution array comparative genomic hybridization (aCGH)
has lead to identification of new prognostic markers like 12p deletion and 5q

amplification. Advantage of aCGH is that these new markers can be easily
converted to other diagnostic tools like FISH 42.
Drawbacks of plasma cell enrichment techniques are that, they are expensive
and labor intensive. The RQ-PCR based detection of overexpressed partner
genes involved in IGH translocation is an alternative in such cases. Recently
multiplex ligation-dependent probe amplification (MLPA) was developed as a
fast and robust alternative method to analyze copy number changes in a wide
set of loci. Few studies have shown that it can be applied in routine laboratories
43

.

Role of imaging studies: Though few small single institution studies have
indicate role of imaging studies such as MRI and FDG-PET CT in risk
stratification, further independent confirmation is required before they are
widely applied 44.
Free light chain (FLC) assay: This has well established utility in diagnosis and
treatment response assessment in MM. Altered ratio predicts progression in
smoldering MM as well as monoclonal gammopathy of undetermined
significance (MGUS) 45,46. Though elevated FLC levels and ratios at diagnosis
have been associated with poor progression free survival in MM patients,
whether they have prognostic impact independent of cytogenetic risk factors
has to be established 47,48,49.

Recommendations
We concur with the recent literature, that all newly diagnosed patients should
undergo risk stratification based on available good and robust prognostic
markers. These include serum albumin and beta-2 microglobulin for ISS staging,
LDH, and cytogenetics for Revised-ISS staging.
Staging: Traditionally the Durie and Salmon system (DSS) and the
International Staging system (ISS) have been used to assess the tumor burden
in patients with newly diagnosed MM. ISS based on the serum beta-2
microglobulin (β2M) and albumin due to simplicity of use was the first to gain
wide acceptance and superseded the DSS. However, in patients who are

aggressively treated using upfront ASCT, the ISS does not improve the
prediction of post-transplant outcomes compared to the DSS. DSS is a good
tool to indicate tumor burden , hence its utility is more for supplementing
diagnostic criteria rather than being used for risk stratification. The R-ISS provides
prognostic information that is more robust than that from the original
ISS. Hence we recommend that R-ISS to be used for initial staging in all newly
diagnosed MM patients. However, in the absence of cytogenetic evaluation,
ISS should be used for staging purpose.

We recommend baseline cytogenetic evaluation in all newly diagnosed patients
with MM, for risk stratification. Wherever, feasible, cytogenetic evaluation
should include both conventional karyotyping and iFISH.
Conventional karyotype can detect only 20-30 % of the abnormalities due to a
low number of metaphases in collected specimens. Considering this drawback,
interphase FISH should be performed in all cases at initial diagnosis. FISH in
unsorted samples results in low sensitivity and thus a lower yield. So, we
strongly recommend FISH to be done in purified plasma cells or in combination
with immunoﬂuorescent detection of light chain-restricted plasma cells
cytoplasmic immunoglobulin enhanced FISH (cIg-FISH to improve the rate of
abnormality detection.
Minimal FISH panel for MM should include testing for t(4;14)(p16;q32),
t(14;16)(q32;q23) and –17p13. These three probes have been proposed to be
most useful in the stratiﬁcation of cases into high- and standard-risk disease.
An optional panel may include testing for t(11;14)(q13;q32), chromosome 13
deletion, ploidy changes and chromosome 1 abnormalities.
There is paucity of data regarding prognostic implication of the risk stratification
in Indian patients. It is imperative to design multi centeric collaborative projects
where risk stratification is done for all patients as per the guidelines and long
term follow up data is analyzed to see whether these prognostic markers are
useful in Indian patients. With the availability of newer drugs in MM, it becomes

important that risk stratification is incorporated in decision making tools for
deciding on best treatment for a given patient. A simplified algorithm (Fig-1) and
costing considerations (Table-3) for deciding on risk stratification on initial
diagnosis of MM would be useful for the clinicians.

Summary of recommendations
1. We strongly recommend that Revised International Staging system to be
used to risk stratify all newly diagnosed patients of MM. ISS should be used
in case cytogenetic evaluation is not feasible,.
2. Both conventional karyotyping and FISH should be done at baseline.
3. A minimum FISH panel should include testing for t(4;14)(p16;q32),
t(14;16)(q32;q23) and 17p13. An optional comprehensive panel may
include testing for t(11;14)(q13;q32), chromosome 13 deletion, ploidy
changes and chromosome 1 abnormalities.

Recommendations (Technical aspects)
1. We strongly recommend that the sample for conventional karyotype and
FISH studies should be part of the second draw of aspirate or first draw of the
repositioned BM aspiration needle to improve the yield.
2. Minimum 02 ml of bone marrow aspirate sample should be collected in
lithium heparinized vacutainers for conventional karyotyping and FISH
evaluation.
3. Samples should not be frozen. A cool pack may be used to ensure that
samples are not exposed to temperatures more than 300 C. For cytogenetic
evaluation samples should be processed within 24 hours of collection. In case
of long distance transportation, appropriate transport media should be used.
The pre-processing holdup time of the same should not be more than 07 days.
4. Plasma cell enrichment

should be done in the bone marrow sample to

improve the yield before FISH testing.
5. Regular accreditation of the laboratories should be done to allow uniform
interpretation of results.

Future prospects
We recommend that high through-put genomic tools such as gene expression
profiling (GEP) and comparative genomic hybridization to be used whenever
feasible, as they are highly capable of predicting high risk MM. It is conceivable
that novel GEP derived signatures could be developed in the future and that
will not only predict patient outcomes but will also be important and relevant in
the journey of the evolution of newer anti-MM therapies.

References
1. Fonseca R. Many and multiple myeloma(s). Leukemia 2003; 17:
1943–1944.
2. Kumar SK, Rajkumar SV, Dispenzieri A, Lacy MQ, Hayman SR, Buadi FK et
al. Improved survival in multiple myeloma and the impact of novel therapies.
Blood 2008; 111: 2516–2520.
3. Rajkumar

SV. Treatment of multiple myeloma. Nat Rev Clin Oncol 2011; 8:

479–491.
4. Gadhia,

Pankaj & Vaniawala, Salil. (2014). Cytogenetics and FISH Studies

in Multiple Myeloma – A Retrospective Study from Western India. merican
Journal of Current Biology. 2. 1-71.
5. Autologous stem cell transplantation for multiple myeloma: Long term results.
Kumar L, Boya RR, Pai R, Harish P, Mookerjee A, Sainath B, Patekar MB,
Sahoo RK, Malik PS, Sharma OD, Gupta R. Natl Med J India. 2016 JulAug;29(4):192-199
6. Zhan F, Huang Y, Colla S, Stewart JP, Hanamura I, Gupta S et al. The
molecular classiﬁcation of multiple myeloma. Blood 2006; 108: 2020–2028.
7. Ludwig H, Durie BG, Bolejack V, Turesson I, Kyle RA, Blade J et al. Myeloma
in patients younger than age 50 years presents with more favorable features
and shows better survival: an analysis of 10 549 patients from the International
Myeloma Working Group. Blood 2008; 111: 4039–4047.
8. Avet-Loiseau H, Attal M, Campion L, Caillot D, Hulin C, Marit G et al. Longterm analysis of the IFM 99 trials for myeloma: cytogenetic abnormalities
[t(4;14), del(17p), 1q gains] play a major role in deﬁning long-term survival. J
Clin Oncol 2012; 30: 1949–1952.

9. Fonseca R, Blood E, Rue M, Harrington D, Oken MM, Kyle RA et al. Clinical
and biologic implications of recurrent genomic aberrations in myeloma. Blood
2003; 101: 4569–4575.
10. Keats JJ, Reiman T, Maxwell CA, Taylor BJ, Larratt LM, Mant MJ et al. In
multiple myeloma, t(4;14)(p16;q32) is an adverse prognostic factor irrespective
of FGFR3 expression. Blood 2003; 101: 1520–1529.
11. Jagannath S, Richardson PG, Sonneveld P, Schuster MW, Irwin D,
Stadtmauer EA et al. Bortezomib appears to overcome the poor prognosis
conferred by chromosome 13 deletion in phase 2 and 3 trials. Leukemia 2007;
21: 151–157.
12. San Miguel JF, Schlag R, Khuageva NK, Dimopoulos MA, Shpilberg O,
Kropff M et al. Bortezomib plus melphalan and prednisone for initial treatment
of multiple myeloma. N Engl J Med 2008; 359: 906–917.
13. Greipp PR, San Miguel J, Durie Bg, Crowley JJ et al. International staging
system for multiple myeloma. J Clin Oncol. 2005;23
14. Durie BG, Salmon SE. A clinical staging system for multiple myeloma.
Correlation of measured myeloma cell mass with presenting clinical features,
response to treatment, and survival. Cancer. 1975;36(3):842.
15. Palumbo A, Avet-Loiseau H, Lokhorst HM, Goldschmidt H et al. Revised
International Staging System for Multiple Myeloma: A report from International
Myeloma Working Group. J Clin Oncol. 2015 Sep;33(26): 2863-9.
16. WJ Chng, A Dispenzeiri, CS Chim, R Fonesca, H Goldschmidt, H Lentzsch.
Review of IMWG consensus on risk stratification in multiple myeloma.
Leukemia 2014;28: 269-277.
17. Hoyer JD, Hanson CA, Fonseca R, Greipp PR, Dewald GW, Kurtin PJ. The
(11;14)(q13;q32) translocation in multiple myeloma A morphologic and
immunohistochemical study. Am J Clin Pathol 2000; 113: 831–837.
18. Garand R, Avet-Loiseau H, Accard F, Moreau P, Harousseau J, Bataille R.
t(11;14) and t(4;14) translocations correlated with mature lymphoplasmocytoid
and immature morphology, respectively, in multiple myeloma. Leukemia 2003;
17: 2032–2035.
19. Avet-Loiseau H, Facon T, Grosbois B, Magrangeas F, Rapp MJ,
Harousseau JL et al. Oncogenesis of multiple myeloma: 14q32 and 13q
chromosomal abnormalities are not randomly distributed but correlate with

natural history, immunological features, and clinical presentation. Blood 2002;
99: 2185–2191.
20. Chang H, Sloan S, Li D, Zhuang L, Yi QL, Chen CI et al. The t(4;14) is
associated with poor prognosis in myeloma patients undergoing autologous
stem cell transplant. Br J Haematol 2004; 125: 64–68.
21. Chang H, Qi XY, Samiee S, Yi QL, Chen C, Trudel S et al. Genetic risk
identiﬁes multiple myeloma patients who do not beneﬁt from autologous stem
cell transplantation. Bone Marrow Transplant 2005; 36: 793–796.
22. Fonseca R, Oken MM, Harrington D, Bailey RJ, Van Wier SA, Henderson
KJ et al. Deletions of chromosome 13 in multiple myeloma identiﬁed by
interphase FISH usually denote large deletions of the q arm or monosomy.
Leukemia 2001; 15: 981–986.
23. Fonseca R, Harrington D, Oken M, Dewald G, Bailey R, Van Wier S et al.
Biologic and prognostic signiﬁcance of interphase FISH detection of
chromosome 13 abnormalities (D13) in multiple myeloma: an Eastern
Cooperative Oncology Group (ECOG) Study. Cancer Res 2002; 62: 715–720.
24. Drach J, Ackermann J, Fritz E, Kromer E, Schuster R, Gisslinger H et al.
Presence of a p53 gene deletion in patients with multiple myeloma predicts for
short survival after conventional-dose chemotherapy. Blood 1998; 92: 802–809.
25. Schilling G, Hansen T, Shimoni A, Zabelina T, Perez-Simon JA, Gutierrez
NC et al. Impact of genetic abnormalities on survival after allogeneic
hematopoietic stem cell transplantation in multiple myeloma. Leukemia 2008;
22: 1250–1255.
26. Hanamura I, Stewart JP, Huang Y, Zhan F, Santra M, Sawyer JR et al.
Frequent gain of chromosome band 1q21 in plasma-cell dyscrasias detected
by ﬂuorescence in situ hybridization: incidence increases from MGUS to
relapsed myeloma and is related to prognosis and disease progression
following tandem stem-cell transplantation. Blood 2006; 108: 1724–1732.
27. Shah GL, Landau L, Londono D et al. Gain of chromosome 1q portends
worse prognosis in multiple myeloma despite novel agent based induction
regimes and autotransplant. Leuk Lymphoma. 2017; 58: 1823-31.
28. Debes-Marun C, Dewald G, Bryant S, Picken E, Santana-Da ´vila S, Gonza
´lez-Paz N et al. Chromosome abnormalities clustering and its implications for
pathogenesis and prognosis in myeloma. Leukemia 2003; 17: 427–436.

29. Smadja NV, Fruchart C, Isnard F, Louvet C, Dutel JL, Cheron N et al.
Chromosomal analysis in multiple myeloma: cytogenetic evidence of two
different diseases. Leukemia 1998; 12: 960–969.
30. Nowakowski GS, Witzig TE, Dingli D, et al. Circulating plasma cells
detected by flow cytometry as a predictor of survival in 302 patients with newly
diagnosed multiple myeloma. Blood 2005; 106:2276.
31. Dingli D, Nowakowski GS, Dispenzieri A, et al. Flow cytometric detection of
circulating myeloma cells before transplantation in patients with multiple
myeloma: a simple risk stratification system. Blood 2006; 107:3384.
32. Witzig TE, Gertz MA, Lust JA, et al. Peripheral blood monoclonal plasma
cells as a predictor of survival in patients with multiple myeloma. Blood 1996;
88:1780
33. Rawstron AC, Davies FE, DasGupta R, et al. Flow cytometric disease
monitoring in multiple myeloma: the relationship between normal and
neoplastic plasma cells predicts outcome after transplantation. Blood 2002;
100:3095.
34. Hallek M, Bergsagel PL, Anderson KC. Multiple myeloma: increasing
evidence for a multistep transformation process. Blood. 1998;91(1):3-21.
35. Fonseca R, Bergsagel PL, Drach J, Shaugh nessy J, Gutierrez N, Stewart
AK, et al. International Myeloma Working Group molecular classification of
multiple myeloma: spotlight review. Leukemia. 2009; 23(12):2210-21.
36. Dimopoulos M, Kyle R, Fermand JP, Rajkumar SV, San Miguel J, ChananKhan A, et al. Consensus recommendations for standard investigative workup:
report of the International Myeloma Workshop Consensus Panel 3. Blood.
2011;117(18): 4701-5.
37. Rajkumar SV. Multiple myeloma: 2011 update on diagnosis, riskstratification, and management. Am J Hematol. 2011; 86(1):57–65. [PubMed:
21181954]
38. Pozdnyakova O, Crowley-Larsen P, Zota V, Wang SA, Miron PM.
Interphase FISH in plasma cell dyscrasia: increase in abnormality detection
with plasma cell enrichment. Cancer Genet Cytogenet. 2009; 189(2):112–117.
[PubMed: 19215792]

39. Drach J, Schuster J, Nowotny H, et al. Multiple myeloma: high incidence of
chromosomal aneuploidy as detected by interphase ﬂuorescence in situ
hybridization. Cancer Res. 1995;55:38543859.
40. Zojer N, Ko¨nigsberg R,Ackermann J, et al. Deletion of 13q14 remains an
independent adverse prognostic variable in multiple myeloma despite its
frequent detection by interphase ﬂuorescence in situ hybridization. Blood.
2000;95:1925-1930.
41. Gary Lu, Ramya Muddasani, Robert Z. Orlowski, Lynne V. Abruzzo,
Muzaffar H. Qazilbash, M. James You et al. PC enrichment enhances detection
of High-Risk cytogenomic abnormalities by FISH and Improves risk
stratification of patients With plasma cell neoplasms. Arch Pathol Lab Med.
2013 May ; 137(5): 625–631.
42. Fonseca R, Bergsagel PL, Drach J, Shaughnessy J et al. International
Myeloma Working Group molecular classification of multiple myeloma: spotlight
review. Leukemia:2009 23, 2210-21
43. Kaiser MF, Walker BA, Hockley SL, Begum DB, Wardell CP, Gonzalez D,
Ross FM, Davies FE, Morgan GJ. A TC classification-based predictor for
multiple myeloma using multiplexed real-time quantitative PCR. . Leukemia.
2013 Aug;27(8):1754-7)
44. Munshi NC, Anderson KC, Bergsagel PL, Shaughnessy J, Palumbo A,
Durie B, et al. Consensus recommendations for risk stratification in multiple
myeloma: report of the International Myeloma Workshop Consensus Panel 2.
Blood. 2011;117:4696–4700.
45. Dispenser A, Kyle RA, Katzmann JA, Therneau TM, Larson D, Benson J
et al. Immunoglobulin free light chain ratio is an independent risk factor for
progression of smoldering (asymptomatic) multiple myeloma. Blood 2008;
111: 785–789.
46. Rajkumar SV, Kyle RA, Therneau TM, Clark RJ, Bradwell AR, Melton III
LJ et al. Presence of monoclonal free light chains in the serum predicts risk of
progression in monoclonal gammopathy of undetermined significance. Br J
Haematol 2004; 127: 308–310.

47. Kumar S, Zhang L, Dispenzieri A, Wier VS et al. Relationship between
elevated immunoglobulin free light chain and the presence of IgH translocations
in multiple myeloma. Leukemia. 2010;24:1498-1505.
48. van Rhee F, Bolejack V, Hollmig K, Pineda-Roman M, Anaissie E, Epstein
J et al. High serum-free light chain levels and their rapid reduction in response
to therapy define an aggressive multiple myeloma subtype with poor
prognosis. Blood 2007; 110: 827–832.
49. Kyrtsonis MC, Vassilakopoulos TP, Kafasi N, Sachanas S, Tzenou T,
Papadogiannis A et al. Prognostic value of serum free light chain ratio at
diagnosis in multiple myeloma. Br J Haematol 2007; 137: 240–243.

Newly
diagnos
ed
Multiple
Myelom
a
Financial
Constraints

No Financial
Constraints

Minimal
Risk
Stratificatio
n

Extended
Panel Risk
Stratificatio
n

Staging
Serum
albumin
Serum β 2
Micro
globulin

FISH
t4;14,
-17p13,

Extended
FISH
Minimal Risk
Stratification

Conventional
Karyotyping

t 14;16

Serum LDH
Fig-1 simplified algorithm towards initial risk stratification in patients of multiple myeloma
A CGH array comparative genomic hybridization
Table 1 Costing of Risk stratification in Indian setting

Risk stratification category*

Approximate cost in INR

Minimal

8420.00

Extended panel

22000.00

*See Fig-1

t 4;14, t
14;16,17p13,
1q21, -13

aCGH-derived
markers
12p-, 5q
amplification

