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The	first	case	of	myeloma	was	
described	in	1844	by	Dr.	Samuel	Solly

Dr.	Solly thought	that	the	disease	was	an	inflammatory	process	that	
began	with	a	“morbid	action”	of	the	blood	vessels	in	which	the	“earthy	
matter	of	the	bone	is	absorbed	and	thrown	out	by	the	kidneys	in	the	
urine.”	

obituaries described his work on renal stones, diabetes mellitus,
and malignant and tuberculous involvement of the kidney with an
emphasis on the value of microscopic examination of the urine.
There was no mention of his papers on the unique urinary protein
that bears his name. (Incidentally, a hyphen does not occur in
Jones’ name in his more than 40 publications for which he used H.
Bence Jones.)

The term “Kahler’s disease” was once used to describe my-
eloma and resulted from a case report of a physician named Dr

Loos by Prof Otto Kahler of Prague and subsequently Vienna
(Figure 3). The patient had progressive bone pain, proteinuria with
the typical heat characteristics of Bence Jones protein, and at
autopsy, the presence of large, round cells consistent with multiple
myeloma.

The term “plasma cell” was introduced by Waldeyer in
1875.12 It is probable that he was describing tissue mast cells
rather than plasma cells. Ramon y Cajal, the neuroanatomist,
was the first to accurately describe the plasma cell. Marschalko,

Figure 1. Timeline depicting the history and treatment of multiple myeloma from 1844 to the present.

Figure 2. Sarah Newbury, the first reported patient with multiple myeloma. (A) Bone destruction in the sternum. (B) The patient with fractured femurs and right humerus.
(C) Bone destruction involving the femur. Adapted from Solly7 with permission.
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Images	of	the	first	patient,	a	39-year-old	woman



Myeloma	is	the	24th most	common	cause	of	
cancer-related	mortality	in	Uganda
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Guinea-
Bissau 1 8 9 7 3 4 5 6 10 2 11 20 12 17 15 23 22 16 24 18 28 14 19 21 13 25 29 27 30 26 31 

Cape Verde 3 5 11 1 2 6 7 9 13 4 8 18 12 16 10 22 24 15 25 20 23 14 26 19 17 21 28 30 29 27 31 
Sao Tome 
and Principe 1 4 6 7 3 20 5 8 9 2 14 18 12 15 22 23 21 13 17 16 26 10 19 25 11 24 29 30 28 27 31 

Eastern SSA 1 11 9 7 4 5 3 8 13 2 6 19 16 25 10 21 20 15 14 18 27 17 26 24 12 23 22 30 29 28 31 

Ethiopia 1 11 6 8 4 3 5 7 15 2 9 19 14 26 10 21 18 17 13 20 27 16 25 23 12 24 22 30 29 28 31 

Tanzania 1 10 8 6 7 4 3 5 14 2 9 21 17 23 12 20 19 13 15 18 27 16 26 25 11 22 24 29 31 28 30 

Kenya 2 17 8 4 3 7 6 5 19 1 10 20 14 26 9 24 22 13 12 11 27 16 23 25 15 21 18 30 29 28 31 

Uganda 1 10 6 4 9 7 3 8 17 2 5 18 15 22 13 21 20 14 11 23 27 16 26 25 12 24 19 30 29 28 31 

Mozambique 1 9 7 12 4 3 8 5 15 2 6 20 17 24 10 22 19 14 16 18 26 13 25 21 11 23 28 29 31 27 30 

Madagascar 1 11 9 6 5 3 4 8 12 2 7 19 14 25 10 21 20 16 13 18 27 17 26 24 15 23 22 30 29 28 31 

Malawi 4 11 9 6 10 7 3 8 5 2 1 23 17 21 12 13 20 14 16 19 26 18 25 24 15 22 27 30 29 28 31 

Zambia 1 12 6 4 7 8 3 9 11 2 5 21 16 22 10 18 20 14 13 19 27 17 26 25 15 23 24 30 29 28 31 

South Sudan 1 11 8 9 3 4 6 7 12 2 5 19 13 26 10 21 20 16 15 17 27 18 25 23 14 24 22 29 31 28 30 

Rwanda 1 14 7 8 6 5 3 4 17 2 9 21 16 25 10 19 20 13 12 18 27 15 26 24 11 22 23 29 30 28 31 

Burundi 1 13 9 8 3 4 5 6 17 2 7 20 16 25 10 21 19 12 15 18 27 14 26 23 11 24 22 29 30 28 31 

Somalia 2 12 8 9 3 4 6 7 15 1 5 16 18 27 10 21 19 13 14 20 26 17 24 22 11 25 23 29 31 28 30 

Eritrea 1 11 9 8 3 4 5 6 14 2 7 18 16 25 10 21 20 15 13 19 27 17 26 24 12 23 22 30 29 28 31 

Djibouti 1 10 6 3 8 5 4 9 12 2 7 20 14 24 11 19 21 16 13 15 27 17 26 25 18 22 23 30 29 28 31 

Comoros 1 12 8 7 6 3 4 5 14 2 9 20 13 25 10 21 19 17 11 18 26 16 27 24 15 23 22 30 29 28 31 
High-income 
North 
America 

2 3 4 1 13 14 5 11 7 22 21 10 12 9 15 6 8 17 19 23 18 20 26 24 29 16 31 27 25 30 28 

United States 2 3 4 1 14 13 5 11 7 23 21 9 12 10 15 6 8 17 19 22 18 20 26 24 30 16 31 27 25 29 28 

Canada 2 4 3 1 7 17 5 10 9 23 21 11 12 6 20 8 13 14 18 24 16 19 22 25 29 15 31 27 26 30 28 

Greenland 3 1 2 4 6 14 10 16 13 7 9 17 8 5 12 19 18 21 20 22 28 24 23 15 29 25 11 30 26 27 31 
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The	global	incident	of	myeloma	has	
increased	42%	in	the	past	decade

Copyright 2017 American Medical Association. All rights reserved.

in Table 2, between 2005 and 2015, incidence (95% UI) increased by
37% (32.1%-41.0%) from 1.2 million (1.19-1.24 million) to 1.7 million (1.6-
1.7 million) cases. Most of this increase can be explained by an aging
and growing population, however, even with the same population size
and age structure, colon and rectum cancer cases would have in-
creased by 5% between 2005 and 2015 reflecting a change in age-
specific incidence rates.

Figure 9 shows similar trends in ASIRs between men and women
for all levels of SDI except for the high-middle SDI quintile, where
trends are decreasing in women but increasing in men. As can be seen
in Web Table 1, ASIRs (95% UIs) have increased by 7% (1.8%-11.6%)
between 2005 and 2015 for men but have remained stable for
women at the global level: −0.2% (−4.3% to 4.4%). The largest in-

crease occurred in low-middle SDI countries at 25% (10.3%-
40.2%) for men and 13% (0.7%-27.4%) for women.

Between 2005 and 2015, age-standardized DALY rates for both
sexes decreased by 8% (−10.2% to −6.2%) at the global level, with
the largest decrease in high-SDI countries of 11% (−13.6% to −9.1%)
and the largest (nonsignificant) increase in the low SDI quintile of
9% (−6.0% to 27.8%) (Web Table 3).

4. Prostate Cancer
In 2015, there were 1.6 million (95% UI, 1.3-2.2 million) incident cases
of prostate cancer and 366 000 (95% UI, 303 000-460 000)
deaths. Prostate cancer caused 6.3 million (95% UI, 5.2-7.9 million)
DALYs globally in 2015, with 82% coming from YLLs and 18% from

Figure 6. Cancers Ranked Globally and for Both Sexes by Absolute Years of Life Lost (YLLs)

1 Tracheal, bronchus, and lung cancer 1Tracheal, bronchus, and lung cancer

2 2Liver cancerLiver cancer

3 Stomach cancer 3Stomach cancer

4 4Colon and rectum cancerColon and rectum cancer

5 Breast cancer 5Breast cancer

6 6LeukemiaLeukemia

7 Esophageal cancer 7Esophageal cancer

8 8Pancreatic cancerBrain and nervous system cancer

9 Cervical cancer 9Brain and nervous system cancer

10 10Cervical cancerPancreatic cancer

11 Non-Hodgkin lymphoma 11Non-Hodgkin lymphoma

12 12Prostate cancerAcute lymphoid leukemia

13 Acute myeloid leukemia 13Acute lymphoid leukemia

14 14Acute myeloid leukemiaProstate cancer

15 Ovarian cancer 15Ovarian cancer

16 16Lip and oral cavity cancer Lip and oral cavity cancer 

17 17Bladder cancer

18 Kidney cancer 18Bladder cancer

19 19Gallbladder and biliary tract cancerGallbladder and biliary tract cancer

20 Larynx cancer 20Larynx cancer

21 21Multiple myelomaUterine cancer

22 Nasopharynx cancer 22Uterine cancer

23 23Nasopharynx cancerMultiple myeloma

24 Other pharynx cancer 24Other pharynx cancer

25 25Malignant skin melanomaMalignant skin melanoma

26 Chronic lymphoid leukemia 26Chronic lymphoid leukemia
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29 Thyroid cancer 29Mesothelioma
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Kidney cancer 

Rank Rank Cancer  Cancer
Change in A-YLLs,

% (95% CI)
Change in AS–YLL
Rate, % (95% CI) 

2005 2015

Rank increased No change Rank decreased

Illustrated data include the percentage change in absolute YLLs (A-YLLs) and
the percentage change in the age-standardized YLL (AS-YLL) rate between
2005 and 2015;. The “other cancers” group is not included in these data

because it contains multiple different types of cancers. Solid lines connecting
the 2005 and 2015 charts indicate increased or unchanged rank for the
connected cancers; dotted lines indicate decreased rank.

Global Burden of Cancer 2015 Special Communication Clinical Review & Education

jamaoncology.com (Reprinted) JAMA Oncology April 2017 Volume 3, Number 4 535

Copyright 2017 American Medical Association. All rights reserved.
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The	incidence	of	myeloma	is	higher	
in	more	developed	countries

Translocation t(4;14) is found in 11% of patients with 
multiple myeloma and leads to overexpression of NSD2 
(which results in epigenetic dysregulation) and often 
FGFR3. Other recurrent translocations that involve IGH 
include t(14;16) (which involves MAF; found in 3% of 
patients), t(14;20) (involving MAFB; found in 1.5% 
of patients) and t(6;14) (involving CCND3; found in 
<1% of patients). 

In two independent cross-sectional studies, the fre-
quency of t(4;14) was 1–3% of patients with MGUS and 
11–12% of patients with multiple myeloma30–33, whereas 
the frequency of t(11;14) was found in 13% of patients 
with MGUS and 16% of those with multiple mye-
loma36,37. The median time to progression from SMM 
to multiple myeloma is shorter in patients with t(4;14) 
(28 months) than in patients with t(11;14) (55 months)38, 
suggesting that t(4;14) cases might be more prone to 
undergo a secondary event required for progression.

Hyperdiploidy is the most frequent form of aneu-
ploidy in multiple myeloma. Patients with hyperdiploidy 
are less likely to have a primary IGH translocation, but 
a small number of patients with an IGH translocation 
and hyperdiploidy have been identified. In a recent series 
of 965 patients with multiple myeloma characterized 
by SNP array, 35% of patients had <46 chromosomes 
(that is, they had hypodiploidy), 13% of patients had 46 
chromo somes (that is, pseudodiploidy), 14% of patients 
had 47–50 chromo somes (that is, mild hyperdiploidy) 
and 38% of patients had >50 chromosomes (that is, 
large hyper diploidy)39. Hyperdiploidy is characterized by 
 co-occurring trisomies of some of all of chromosomes 3, 
5, 7, 9, 11, 15 and 19 in patients with multiple myeloma. 
Despite the frequent co-occurrence of these trisomies, 
triso mies 3 and 5 have been reported to be associated with 

a good prognosis, whereas trisomy 21 is associated with 
worse outcome. Indeed, the poor prognosis conferred 
by t(4;14) seems to be cancelled out by co-occurrence of 
trisomies 3 and 5. In terms of ploidy, patients with hypo-
diploidy have the worst outlook, followed by patients with 
pseudodiploidy and hyperdiploidy. An interesting but rare 
subset of hypodiploidy is hyperhaploidy, in which patients 
have 30–33 chromosomes, with monosomies of most 
even numbered chromosomes and chromosomes 1, 13 
and 13, and disomies of most odd numbered chromo-
somes, and chromosome 18; hyperdiploidy and hyper-
haploidy might be the consequence of a defect in spindle  
apparatus and centrosome function39–41 (see below).

Other chromosomal defects observed in patients 
with multiple myeloma include loss of the short 
arm of chromosome 1 (del(1p)), gain of the long arm 
of chromo some 1 (gain(1q)), deletion of the long arm of  
chromosome 13 (del(13q)) and loss of the short arm 
of chromosome 17 (del(17p))30,31,42. Increased occur-
rence of del(17p) and translocation t(8;14), linking the 
IGH enhancer on chromo some 14 with the MYC onco-
gene, is clearly associ ated with progression from newly 
diagnosed multiple myeloma to refractory disease and 
plasma cell leukaemia. MYC, an important regulator, was 
recently identified as a deregulated factor in up to 49% 
of patients with multiple myeloma, which included both 
newly diagnosed and previously treated patients. MYC 
regulates up to 15% of all genes, including upregulation 
of CCND2, which is involved in cell cycle regulation, and 
upregulation of ENO1, which is involved in glycolysis43,44. 
On the basis of gene expression profiling studies, several 
subgroups of multiple myeloma have been identified, 
which further reflects the genetic heterogeneity of these 
cells (BOX 2).

Figure 2 | Incidence of multiple myeloma in 2012. The incidence of multiple myeloma varies depending on the country, 
but is generally higher in more-developed countries, such as those in northern America and western Europe. Reproduced 
with permission from Ferlay J., Soerjomataram I., Ervik M., Dikshit R., Eser S., Mathers C., Rebelo M., Parkin D. M., Forman D., 
Bray, F. GLOBOCAN 2012 v1.0, Cancer Incidence and Mortality Worldwide: IARC CancerBase No. 11 [Internet]. Lyon, 
France: International Agency for Research on Cancer; 2013. Available from: http://globocan.iarc.fr, accessed June 19, 2017. 

Nature Reviews | Disease Primers

Annual incidence
per 100,000 people
 >2.40
 1.60–2.40
 0.96–1.60
 0.35–0.96
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The	median	age	at	diagnosis	is	
69	years	in	the	U.S.



The	disease	is	more	common	in	
black	men	in	the	U.S.



Symptoms	of	myeloma

Fatigue
Bone	pain
Fractures
Neuropathy
Frequent	infections
Unexplained	weight	loss
Spinal	cord	compression



Myeloma	is	a	malignancy	of	
terminally	differentiated	plasma	cells

Lymphoid	stem	cellMyeloid	stem	cell

Blood	stem	cell

Red	cell Platelets Granulocytes

Plasma	cell

B	cell T	cell



Plasma	cell	secrete	immunoglobulin

He
av
y	
ch
ai
n

Types	of	heavy	chains

IgG
IgM
IgA
IgD
IgE

Types	of	light	chains

Kappa
Lambda



Plasma	cell	neoplasms
Multiple	myeloma
Light	chain	amyloidosis

• Deposition	of	an	abnormally	folded	light	chain	protein	in	tissue
POEMS	disease

• Polyneuropapthy (nerve	damage)
• Organomegaly (enlarged	organs)
• Endocrinopathy (disorders	involving	hormone	production)
• Monoclonal	gammopathy (presence	of	an	M-protein)
• Skin	rash

Lymphoplasmacytic lymphoma
• Plasma	cell	disease	involving	the	lymph	nodes

Waldenström’s macroglobulinemia
• A	type	of	lymphoplasmacytic lymphoma	that	makes	IgM	M-protein

Solitary	plasmacytoma
Plasma	cell	leukemia

• Greater	than	20%	plasma	cells	in	the	blood



Diagnostic	work-up	for	myeloma

Recommended	in	all	patients
üBone	marrow	biopsy	and	aspirate

üFlow	cytometry	and	immunohistochemistry
üCytogenetics
üFISH

üSerum	protein	electrophoresis
üSerum	free	light	chains
ü24-hour	urine	protein	electrophoresis
üX-rays

Recommended	in	certain	patients
üMRI	scan
üCT	scan
üPET	scan



Myeloma	immunophenotype
Marker Normal	plasma	cell Myeloma	cell
CD138 + + 
CD38 + + 
CD19 + - 
CD45 + - 
CD56 + - 
Kappa:Lambda 2:1 > 4:1 or < 1:2 



Common	chromosomal	
abnormalities	in	myeloma

Abnormality Frequency Prognosis

Deletion 13q 45-50% Neutral

Gain 1q 35-40% Poor

Deletion 1p 30% Poor

Translocation (11;14) 15-20% Neutral

Translocation (4;14) 15% Poor

Deletion 17p 10% Poor

Translocation (14;16) 5-10% Poor

Translocation (6;14) 2% Neutral

Translocation (14;20) 1% Neutral

p

Centromere

q

p	=	short	arm	of	chromosome;	q	=	long	arm	of	chromosome



Myeloma	diagnostic	criteria

Smoldering
Myeloma

Multiple
Myeloma

Monoclonal	Gammopathy	of	
Undetermined	Significance

(MGUS)

M-protein

Bone	marrow
plasma	cells

End	organ	damage

<	3.0	g/dl > 3.0	g/dl Any

<	10% 10-59% >	60%

No No Yes
“CRAB	criteria"

CancerPre-cancer

Light	chain	ratio <	100 <	100 >	100



Calcium	level	elevated
Renal	failure
Anemia
Bony	lytic	lesions

Myeloma	end-organ	damage



Revised	International	Staging	System	(ISS)

Stage	I
Beta-2	microglobulin <	3.5	mg/L	and
Albumin	≥	3.5	g/dL and
LDH	normal	and
No	high	risk	cytogenetics

Stage	II
Not	stage	I	or	II

Stage	III
Beta-2	microglobulin >	5.5	mg/L	and
High	risk	cytogenetics	or
Elevated	LDH

High	risk	cytogenetics
Deletion(17)p
Translocation(4;14)
Translocation(14;16)



Higher	stage	predicts	more	aggressive	
disease

versus standard-risk CA (HR, 2.03), as well as for high LDH versus
normal LDH (HR, 2.55). By applying the R-ISS, the mortality risk was
considerably increased for R-ISS stage II versus I (HR, 3.68), as well as
for R-ISS stage III versus I (HR, 9.95; Fig 1). The risk of progression
was higher for ISS stage II versus I (HR, 1.64) and stage III versus I
(HR, 2.18). Similarly, the risk of progression was increased for high-
risk CA versus standard-risk CA (HR, 1.82), as well as for high LDH
versus normal LDH (HR, 1.34). The risk of progression was higher for
R-ISS stage II versus I (HR, 2.09), as well as for R-ISS stage III versus I
(HR, 3.58; Fig 2).

In the multivariable Cox model for OS, including age, sex, and
R-ISS, the risk of death was increased for age more than 65 years (HR,

1.32; 95% CI, 1.14 to 1.52; P ! .001), male sex (HR, 1.16; 95% CI, 1.02
to 1.33; P " .029), R-ISS stage II versus I (HR, 3.59; 95% CI, 2.68 to
4.80; P ! .001), and R-ISS stage III versus I (HR, 9.64; 95% CI, 6.24 to
14.88; P ! .001). In the multivariable Cox model for PFS, the risk of
progression was higher for age greater than 65 years (HR, 1.57; 95%
CI, 1.42 to 1.75; P ! .001), R-ISS stage II versus I (HR, 1.99; 95% CI,
1.61 to 2.37; P ! .001), and R-ISS stage III versus I (HR, 3.37; 95% CI,
2.54 to 4.56; P ! .001).

Subgroup analyses for PFS and OS were also performed. The
R-ISS staging system confirms its prognostic role in patients younger and
older than 65 years of age (Appendix Fig A1, online only) as well as in
patients who did and who did not receive ASCT, PIs, and IMIDs (Fig 3).
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Fig 1. (A) Overall survival (OS) in patients with multiple myeloma stratified by revised International Staging System (R-ISS) algorithm. Median OS was not reached
for patients included in R-ISS stage I, whereas it was 83 months for R-ISS stage II and 43 months for R-ISS stage III. (B) Univariable analysis of OS. CA, chromosomal
abnormalities; F, female; HR, hazard ratio; LDH, lactate dehydrogenase; M, male; NR, not reached.
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Fig 2. (A) Progression-free survival (PFS) in patients with multiple myeloma stratified by revised International Staging System (R-ISS) algorithm. Median PFS was 66
months for patients with R-ISS stage I, 42 months for patients with R-ISS stage II, and 29 months for patients with R-ISS stage III. (B) Univariable analysis of PFS. CA,
chromosomal abnormalities; F, female; HR, hazard ratio; LDH, lactate dehydrogenase; M, male; NR, not reached.
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versus standard-risk CA (HR, 2.03), as well as for high LDH versus
normal LDH (HR, 2.55). By applying the R-ISS, the mortality risk was
considerably increased for R-ISS stage II versus I (HR, 3.68), as well as
for R-ISS stage III versus I (HR, 9.95; Fig 1). The risk of progression
was higher for ISS stage II versus I (HR, 1.64) and stage III versus I
(HR, 2.18). Similarly, the risk of progression was increased for high-
risk CA versus standard-risk CA (HR, 1.82), as well as for high LDH
versus normal LDH (HR, 1.34). The risk of progression was higher for
R-ISS stage II versus I (HR, 2.09), as well as for R-ISS stage III versus I
(HR, 3.58; Fig 2).

In the multivariable Cox model for OS, including age, sex, and
R-ISS, the risk of death was increased for age more than 65 years (HR,

1.32; 95% CI, 1.14 to 1.52; P ! .001), male sex (HR, 1.16; 95% CI, 1.02
to 1.33; P " .029), R-ISS stage II versus I (HR, 3.59; 95% CI, 2.68 to
4.80; P ! .001), and R-ISS stage III versus I (HR, 9.64; 95% CI, 6.24 to
14.88; P ! .001). In the multivariable Cox model for PFS, the risk of
progression was higher for age greater than 65 years (HR, 1.57; 95%
CI, 1.42 to 1.75; P ! .001), R-ISS stage II versus I (HR, 1.99; 95% CI,
1.61 to 2.37; P ! .001), and R-ISS stage III versus I (HR, 3.37; 95% CI,
2.54 to 4.56; P ! .001).

Subgroup analyses for PFS and OS were also performed. The
R-ISS staging system confirms its prognostic role in patients younger and
older than 65 years of age (Appendix Fig A1, online only) as well as in
patients who did and who did not receive ASCT, PIs, and IMIDs (Fig 3).
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Fig 1. (A) Overall survival (OS) in patients with multiple myeloma stratified by revised International Staging System (R-ISS) algorithm. Median OS was not reached
for patients included in R-ISS stage I, whereas it was 83 months for R-ISS stage II and 43 months for R-ISS stage III. (B) Univariable analysis of OS. CA, chromosomal
abnormalities; F, female; HR, hazard ratio; LDH, lactate dehydrogenase; M, male; NR, not reached.
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Fig 2. (A) Progression-free survival (PFS) in patients with multiple myeloma stratified by revised International Staging System (R-ISS) algorithm. Median PFS was 66
months for patients with R-ISS stage I, 42 months for patients with R-ISS stage II, and 29 months for patients with R-ISS stage III. (B) Univariable analysis of PFS. CA,
chromosomal abnormalities; F, female; HR, hazard ratio; LDH, lactate dehydrogenase; M, male; NR, not reached.
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NR	=	not	reached	(i.e.	beyond	the	duration	of	the	study) Journal	of	Clinical	Oncology (2015)



Treatment	overview
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International	Myeloma	Working	Group	
Response	Criteria

Response M-protein Immunofixation
Urine light 

chains
Bone marrow 
plasma cells

Light chain 
ratio

Stringent complete Undetectable Undetectable Undetectable Undetectable Normal

Complete Undetectable Undetectable Undetectable < 5% Any

Very good partial 90-100% ↓ Any < 100 mg Any Any

Partial 50-89% ↓ Any 90-100% ↓ Any Any

Minimal 25-49% ↓ Any 50-89% ↓ Any Any

Progressive 
disease 25% ↑ Any 25% ↑ Any Any



Myeloma	treatment	algorithm

in phase III trials that have demonstrated improved 
progression- free survival compared with the use of 
melpha lan and prednisone111–113. Although these triplet 
drug combinations have become the standard initial 
approach in multiple myeloma, particularly among 
patients who are transplant ineligible, doublet drug 
combinations have a role in selected groups of patients. 
For example, in the FIRST trial, transplant-ineligible 
patients who received lenalidomide and dexamethasone 
until disease progression demonstrated improved over-
all and progression-free survival compared with patients 
who received melphalan, prednisone and thalidomide; 
as such, the lenalidomide and dexamethasone combin-
ation remains an excellent treatment option for patients 
who are older and more fragile114. Treatment approaches 
for patients who are ineligible for transplantation need 
modification based on patient characteristics, including 
age, performance status and frailty metrics; although 
these factors might not necessarily limit the use of triplet 
drug combinations, doses must be reduced for all drugs 
in these combinations depending on the patient status. 
The European Myeloma Network has put forward an 
excellent algorithm for adapting treatment approaches 
for these patients115.

ASCT. ASCT was introduced as a consolidation 
approach in multiple myeloma over two decades ago 
and has been demonstrated to provide improved over-
all survival in several phase III trials116–118. To prepare 
for ASCT, patients undergo peripheral blood stem cell 
collection with growth factor support (granulocyte 
colony- stimulating factor treatment) with or without 
chemotherapy,  followed by myeloablative conditioning 
and reinfusion of collected stem cells. Typically, ASCT 
has been used after 4–6 cycles of initial therapy (that is, 
induction therapy) and has been shown to improve the 
depth of response translating into improved response 
duration116–118. There has been increasing debate on the 
role of ASCT in the  current era with the high efficacy of 
the new drug regimens, but several phase III trials have 
demonstrated enhanced responses and improved overall 
and progression-free survival with the use of ASCT118. 
With the increasing use of post-ASCT interventions, 
such as consolidation and maintenance strategies, ASCT 
is considered an integral component of a multi step 
treatment programme rather than a stand-alone treat-
ment strategy. Meta-analysis of several phase III trials 
clearly demonstrates an improved overall survival in 
patients treated with lenalidomide maintenance therapy 

Nature Reviews | Disease Primers
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Figure 5 | Suggested algorithm for the management of multiple myeloma. Several factors can determine the 
management strategy for multiple myeloma, including whether the patient is eligible for autologous haemopoietic stem 
cell transplantation (ASCT). Age has been the main determinant of eligibility for ASCT, with most randomized trials 
limiting this to patients ≤65 years of age116,117,163. However, several studies have demonstrated similar outcomes with ASCT 
in older patients, and it is likely that the physiological age is more relevant than the chronological age164. The second main 
determinant is the presence of comorbidities; a more uniform agreement exists, which indicated that patients with 
substantial comorbidities, such as cardiac and pulmonary disorders, should not be offered ASCT, although this might be 
altered based on the experience of the centre. Renal insufficiency, including the need for chronic haemodialysis, does not 
have to limit the use of ASCT, especially as one-third of the patients with multiple myeloma might present with some 
degree of renal insufficiency164. Finally, patient preference plays a substantial part in determining the use of ASCT. 
Other factors that determine the course of treatment include the age of the patient, their ability and/or desire to undergo 
ASCT, the risk stratification, performance status and the presence of comorbidities that might increase the toxicity 
of therapy. KRd, carfilzomib, lenalidomide and dexamethasone; VRd, bortezomib in combination with lenalidomide 
and dexamethasone. *Denotes treatment for patients who are ≥75 years of age or are frail.
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VTD	is	superior	to	VCD	as	induction	therapy

stem cell harvest. Blood and 24-hour urine sampleswere taken at baseline and
after cycle 4 (centralized analysis, T.D., Nantes). Response was evaluated
centrally according to International Myeloma Working Group Uniform
Criteria.13 Adverse events (AEs) were graded by National Cancer Institute
Common Toxicity Criteria Version 4.0. All patients who received 1 dose of
therapy were included in the intent-to-treat (ITT) and safety analyses. Al
patients who completed the 4 cycles of treatment were included in the per-
protocol (PP) analysis.

Statistical analysis

Considering the VGPR rate obtainedwith the VTD regimen in newly diagnosed
patients, 340 patientswere to be enrolled. This provided 80%power (2-sided test
with type I error of .05) to detect a 15% difference in the postinduction VGPR
rate, assuming a VGPR rate of 45% with VCD. Comparisons of response rates,
including the primary end point (postinduction VGPR rate) were performed
using ax2 test, anddifferences inVGPR rateswere expressed as proportionswith
corresponding 95% confidence intervals (CIs).

Results

Patient characteristics and disposition

A total of 358 patients provided written informed consent, and 18
of these were withdrawn from the analysis because of violation of
inclusion criteria. Overall, a total of 340 patients were randomly
assigned to receive VTD (170 patients) or VCD (170 patients). One
patient in the VTD arm withdrew consent before the administration
of the first dose of cycle 1, and 1 patient in the VCD arm was found
to fulfill an exclusion criterion after randomization. Overall, the
ITT population consisted of 338 patients, 169 in each arm (Figure 1).
Baseline characteristics are summarized in Table 1. No significant
difference was observed between the 2 groups. Eighteen percent of
the patients had adverse cytogenetics at diagnosis.

Response to induction

On an ITTbasis, 66.3%of the patients in theVTDarm achieved at least
aVGPRvs56.2% in theVCDarm (P5 .05; Table 2). The difference in
VGPR rate (primary end point) between the VTD and VCD arms was
10.1% (95%CI, 1% to 18%).No significant differencewas observed in
terms of CR rate between the 2 arms, but the ORR was significantly
higher in the VTD arm, 92.3% vs 83.4% in the VCD arm (P 5 .01;
difference 8.9%; 95% CI, 2% to 16%). Two percent of the patients
progressed on treatment in each arm of the study.

According to the PP analysis, the VGPR rate was also significantly
higher in the VTD arm (70.7% vs 60.4%; P5 .05; difference 10.3%;
95%CI, 2% to21%).Nosignificant differencewasobserved in termsof
CR rate between the 2 arms, but the ORR was significantly higher in
the VTD arm (98.7% vs 90.3% in the VCD arm; P5 .001; difference
8.4%; 95% CI, 3.4% to 13.5%).

The differences observed in terms of response between VTD and
VCD were not related to imbalances in the cumulative doses of each
drug used in the 2 triplet combinations, as the dose intensity of
bortezomibwas 94.9% in theVTDarm and 96.4% in theVCDarm and
the dose intensity of dexamethasone was 92.4% in the VTD arm and
96.1% in the VCD arm. Furthermore, the dose intensity of thalidomide
was 89.9% in the VTD arm and 94.5% for cyclophosphamide for
VCD (Table 3).

Safety

The safety population included all 338 patients (169 in each arm) who
had received at least 1 dose of either bortezomib, dexamethasone,
thalidomide, or cyclophosphamide.

As shown in Table 4, the proportion of patients with at least 1AE or
AEs $ grade 3 was not different between the 2 groups. Hematologic
toxicitywashigher in theVCDarm,with significantly increased rates of
grade 3 and 4 anemia, thrombocytopenia, and neutropenia. This higher
rateof neutropenia in theVCDarmwasnot associatedwith ahigher rate
of grade 3 and 4 infections. On the other hand, the rate of peripheral
neuropathy (PN) was significantly increased in the VTD arm.With the
exceptionofhematologicAEsandPN,other grade3or 4 toxicitieswere
rare, with no significant differences between the VTD and VCD arms.

Fivepatients diedduring induction therapy (1.5%), 2 in theVTDarm
from infection (1) and pulmonary embolism (1) and 3 in the VCD arm
from progression to extramedullary myeloma (1) and infections (2).

Stem cell mobilization

A total of 314 patients (93% of the overall population, 159 in the VTD
arm, 155 in the VCD arm) underwent stem cell mobilization as stated
in the protocol. The median number of CD341 cells/kg collected was
10.73 106 in the VTD arm vs 9.23 106 in the VCD arm (P5 .05).

Discussion

The goal of induction treatment before ASCT is the achievement of the
highest possible response rate while avoiding an impairment of stem
cell collection and significant toxicity that may preclude intensive
therapy.1-5 The quality of response to the induction treatment prior
to ASCT, as well as the response achieved following high-dose
melphalan, is important prognostic factors and are predictive of PFS
following ASCT.1-5,9,14,15 Therefore it is important to optimize this

Table 1. Patient characteristics

VTD (n 5 169) VCD (n 5 169)

Male/female 103/66 108/61

Median age (range) 59 (34-65) 60 (26-65)

b2-microglobulin, mg/L (range) 3.6 (2.1-8.9) 3.8 (2.0-9.3)

Albumin, g/L (range) 36.9 (28.2-41.7) 35.7 (27.9-41.3)

International Staging System

ISS1 38 (22%) 43 (25%)

ISS2 94 (56%) 90 (53%)

ISS3 37 (22%) 36 (21%)

No t(4;14), no17p 137 (81%) 140 (83%)

t(4;14) and/or 17p 32 (19%) 29 (17%)

Creatinine level, mmol/L, median (range) 75 (38-170) 79 (20-163)

Hemoglobin level, g/dL, median (range) 11.2 (6.6-16.6) 11 (8-16.6)

Calcium level, mmol/L, median (range) 2.34 (2.05-3.5) 2.37 (2.0-3.61)

Platelet count, 3109/L, median (range) 253 (110-350) 229 (105-380)

Table 2. Response to induction

VTD (n 5 169) VCD (n 5 169) P value

Intent to treat

$CR 13.0% 8.9% .22

$VGPR 66.3% 56.2% .05

$PR 92.3% 83.4% .01

Per protocol n 5 157 n 5 154

$CR 14.0% 9.1% .17

$VGPR 70.7% 60.4% .05

$PR 98.7% 90.3% .001
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Early	autologous	stem	cell	
transplant	is	superior	to	RVD	alone
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Maintenance	therapy	improves	PFS	and	OS

response rates of > 80% very good partial response, and with more
than 50% of patients achieving complete response (CR). More
interestingly, among patients that achieved an MRD negativity
posttransplant, no single patient relapsed at a median follow-up of 39
months, confirming the benefits of maintenance therapy.11 The
phase III trial results of the DETERMINATION study, which is a
collaborative effort from the IFM and the Dana Farber Cancer
Institute (DFCI), utilizing the same design of triplet (RVD) induc-
tion therapy, but evaluating the question of timing of transplant
(early vs. delayed), are long-awaited.12 The IFM group presented
their initial results at the American Society of Hematology 2015
Annual Meeting, suggesting not only higher response rates (CR rates

> 50%) but also achievement of deeper responses (MRD negativity)
among patients in the early transplant arm that received RVD fol-
lowed by transplant and lenalidomide maintenance (Table 1).13,14

The results of the DFCI part of this study are awaited before
strong conclusions can be drawn.

Two other studies as shown in Table 1 provide data supporting
continuous lenalidomide maintenance therapy in prolonging PFS
among transplant-ineligible patients. In the FIRST trial reported by
the IFM, among the largest group of transplant-ineligible patient
studies so far, 1623 patients in a phase III randomized trial were
randomly assigned to receive lenalidomide and dexamethasone (Rd)
continuously until disease progression in 28-day cycles (535

Figure 2 Overall Survival Improves With Thalidomide Maintenance

Abbreviation: CI ¼ confidence interval.

Table 1 Lenalidomide-based Maintenance Strategies

Trial N Regimen Outcomes
IFM 2005-027 614 ASCT/Rm vs.

ASCT/placebo
Median PFS (Rm vs. placebo): 46 vs. 24 mo (HR, 0.52; P < .001)
Median OS (Rm vs. placebo): NR vs. 90 mo (HR, 0.92; P ¼ .52)

CALGB 1001048 460 ASCT/Rm vs.
ASCT/placebo

Median TTP (Rm vs. placebo): 53 vs. 26 mo (HR, 0.54; P < .001)
Median OS (Rm vs. placebo): NR vs. 76 mo (HR, 0.60; P < .001)

RV-MM-PI-2099 402 MPR/Rm vs.
MEL200/Rm vs.

MPR vs.
MEL200

Median PFS (Rm vs. no R): 41.9 vs. 21.6 mo (HR, 0.47; P < .001)
3-y OS (Rm vs. no R): 88% vs. 80% (HR, 0.64; P ¼ .14)

Gay et al10 389 CRD/Rm vs.
MEL200/Rm vs.
CRD/Rm þ P vs.
MEL200/Rm þ P

Median PFS (Rm þ P vs. Rm): 37.5 vs. 28.5 mo (HR, 0.84; P ¼ .34)
3-y OS (Rm þ P vs. Rm): 83% vs. 88% (HR, 1.51; P ¼ .21)

IFM/DFCI13 700 RVD/ASCT/Rm vs.
RVD/Rm/ASCT

Median PFS (ASCT/Rm vs. Rm): 43 vs. 34 mo (HR, 1.5; P < .001)
4-y PFS (ASCT/Rm vs. Rm): 47% vs. 35% (HR 1.5, P < .001)
4-y OS (ASCT/Rm vs. Rm): 83% vs. 81% (HR 1.2, P ¼ NS)

FIRST15 1623 Rd vs.
Rd18 vs.
MPT

Median PFS (Rd vs. Rd18 vs. MPT): 25.5 vs. 20.7 vs. 21.2 mos (HR, Rd vs. MPT, 0.72;
P ¼ .00006; Rd vs. Rd18, 0.70; P ¼ .00001; Rd18 vs. MPT, 1.03; P ¼ .7

4-y OS (Rd vs. Rd18 vs. MPT): 59.4% vs. 55.7% vs. 51.4% (HR, Rd vs. MPT: 0.78;
P ¼ .017; Rd vs. Rd18: 0.90; P ¼ .31; Rd18 vs. MPT: 0.88; P ¼ .18)

MM-01516 460 MPR/Rm vs.
MPR vs.
MP

Median PFS (MPR/Rm vs. MPR vs. MP): 31 vs. 14 vs. 13 mo (HR, MPR/Rm vs. MPR, 0.49;
P < .001; MPR/Rm vs. MP, 0.40; P < .001)

Median OS (MPR/Rm vs. MPR vs. MP): 56 vs. 52 vs. 54 mo (HR, MPR/Rm vs. MPR, 0.88;
P < .43; MPR/Rm vs. MP, 0.95; P < .74)

Abbreviations: ASCT ¼ autologous stem cell transplant; Bm¼ bortezomib maintenance; CR ¼ complete response; CRD ¼ cyclophosphamide, dexamethasone, and lenalidomide; HR ¼ hazards ratio;
nCR ¼ near complete response; OS ¼ overall survival; P ¼ prednisone; PAD ¼ bortezomib, Adriamycin, and dexamethasone; PFS ¼ progression-free survival; Rm ¼ lenalidomide maintenance;
RVDm ¼ RVD maintenance; Tm ¼ thalidomide maintenance; TTP ¼ time to progression; VAD ¼ vincristine, adriamycin, and dexamethasone.
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