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Dilemmas in Treating Smoldering Multiple Myeloma
Inhye E. Ahn, Sham Mailankody, Neha Korde, and Ola Landgren

A B S T

R A C T

Novel therapies hold promise for high-risk smoldering multiple myeloma (SMM). Recent studies
suggest that modern combination approaches can be options for high-risk SMM to obtain deep
molecular responses with favorable toxicity profiles. Although pioneering treatment trials based on
small numbers of patients suggest progression-free and overall survival benefits, application of the
data to real-life practice remains to be validated. Therapeutic modulation of disease tempo,
disease burden, clonal evolution, and tumor microenvironment in SMM remains to be understood
and calls for reliable biomarkers reflective of disease biology. Here, we review studies that open
a new management platform for SMM, address ongoing dilemmas in practice and under
investigation, and highlight emerging scientific questions in the era of SMM treatment.

J Clin Oncol 33:115-123. © 2014 by American Society of Clinical Oncology

Uniform consensus criteria for smoldering multiple
myeloma (SMM) appeared in 2003 that defined
SMM to be without end-organ damage and to have
either high serum M-protein (= 3 g/dL) or a high
number of clonal bone marrow plasma cells
(= 10%) or both.! SMM is currently considered a
precursor state of multiple myeloma (MM), with a
10% annual risk of transformation.>> More recently,
subsets of SMM were identified as having higher risks
of developing MM>* and having genetic similarity to
MM.’ The high-risk SMM accounts for more than a
quarter of all patients with SMM and, without inter-
vention, carries a substantial risk of progression into
symptomatic disease (70.4% progression with a me-
dian follow-up of 29.8 months).?

Myeloma is a clonal proliferation of postgerminal
center plasma cells that are phenotypically abnor-
mal.’ Proliferation of myeloma clones occurs over
multiple steps of somatic hypermutation. Hyper-
diploidy and translocation of immunoglobulin H
(IgH) gene are the two primary genetic events that
lead to cyclin D dysregulation.'® Secondary genetic
events include mutations of MYC, TP53, KRAS, and
other genes involved in the nuclear factor kappa
B pathway.'" " With genetic changes, myeloma
clones diversify and expand to evolve from precur-
sor states of monoclonal gammopathy of undeter-
mined significance (MGUS) and SMM toward
more symptomatic and aggressive disease.

What is the pattern of clonal evolution in
myeloma? A conventional belief was that one
clone could acquire mutations and diversify along
the disease progression (Fig 1B and 1C). Indeed,
when four patients who transitioned from high-
risk SMM to MM were followed up with whole
genome sequencing (WGS), they acquired an aver-
age of 433 novel mutations and outgrowth of up to six
subclones.” Surprisingly, the diversity of clones ap-
peared to be determined early, and the acquisition of
mutations led to expansion of the preexisting clones
(Fig 1A).”'®"” These findings resonate with sequenc-
ing studies of other hematologic malignancies, which
also showed expansion of the size of existing clones but
not the diversity.'”> The molecular mechanism of mu-
tations leading to disease progression remains to be
studied. One hypothesis proposed that translocations
may lead to the loss of tumor suppressor genes, such as
BRCA2and UNC5D, which werelost in active MM but
not in SMM.” Whole exome sequencing of patients
with MM revealed recurrent mutations of genes in-
volved in MAPK, PI3K, MET, or noncanonical nu-
clear factor kappa B signaling pathways, such as
BRAF, KRAS, ROBO1, FAM46C, and PEG3."” On
the basis of reported sequencing experiences, my-
eloma has clonal heterogeneity and evolves with
clonal competitions.'®'®'?

Therole of bone marrow microenvironment in
the pathogenesis of myeloma is an area of extensive
research. In vitro, complex cell trafficking was ob-
served during the adhesion of human myeloma
cells to stroma and endothelial cells, which stimulate
production of growth factors and cytokines from
both parties, including inerleukin-6 (IL-6), vascular
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Fig 1. Temporal evolution of myeloma
clones. As myeloma progresses, clones
can theoretically undergo three different
changes. (A) Progression of myeloma can
occur as a result of the expansion of clonal
size while the diversity of the clones re-
mains the same. (B) Progression of my-
eloma may be a result of the increase
of clonal diversity as additional clones
emerge over time, while the size of each
clone remains stable. (C) Myeloma clones
can increase both in size and diversity at
the same time, which potentially projects
to a greater tumor burden (greater height).
Studies have suggested that the diversifi-
cation of clonal heterogeneity may occur

t as an early event as in (B) and (C),
whereas the expansion of the size of each
0 clone follows later within the existing li-

brary of clones as in (A).7-1°

endothelial growth factor, insulin-like growth factor 1 (IGF-1), and
stromal cell derived factor 1 (SDE-1).2°*® Evidence of increased oste-
oclast activity and decreased osteoprotegerin were observed in greater
degree in MM than in precursor states.** Gene expression profiling
further strengthened the observation by showing methylation of genes
that modulate the microenvironment such as GPX3, RBPI, SPARC,
and TGFBL*> A permissive microenvironment promotes the
growth of myeloma clones and can stimulate disease progression
into an active disease (Fig 2). Thus, targeting the microenviron-
ment is a potential strategy for halting cell trafficking and growth of
myeloma clones in bone marrow niches.*®

Next generation sequencing (NextGen Sequencing [NGS]) has
added depth to our understanding of high-risk SMM to the level of the
genome. For instance, single nucleotide polymorphism array revealed
that genetic complexity increased incrementally from precursor states
to active MM, with SMM being the intermediate between MGUS and
MM.*” As was expected, MM had the highest frequency of copy
number aberrations and copy neutral loss of heterozygosity. Numbers
of aberrations and also profiles of aberrations were different in SMM.
SMM had more deletion 16q (30%) than MM (21%), whereas MM
had more loss of 4q and gain of 11q, suggesting that the acquisition or
imbalance of certain mutations may change the kinetics of the dis-
ease.”” In corroboration with other sequencing results, WGS revealed

that the accumulation of genetic abnormalities was more prominent
in SMM and the most complex in MM.” Notably, when WGS reports
of patients with high-risk SMM were compared with reports of those
with MM, patterns and numbers of mutations were similar, suggest-
ing that the high-risk SMM group represents a subset of asymptomatic
patients who are biologically similar to patients with MM. In an effort
to use molecular profiling studies in a predictive functional manner,
several gene-expression profiling platforms have been developed for
active MM to help identify patients with aggressive biology.”** Re-
cent data show that a high-risk signature based on the 70-gene model
in asymptomatic MGUS may predict progression to clinically symp-
tomatic myeloma.’® On a rational note, these findings suggest that
high-risk SMM denotes a distinct group of asymptomatic patients
who may benefit from early intervention.

IDENTIFICATION OF PATIENTS WITH SMM AT HIGH RISK OF

TRANSFORMATION TO MM

With potential therapies available for SMM, it is vital to identify the
correct population to treat (Fig 3). One tool to use for stratifying risk is
Mayo Clinic criteria, which defines the high-risk group by high
M-protein (= 3 g/dL), high bone marrow plasma cell infiltration
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Time

Fig 2. Interaction of tumor and mi-
croenvironment. Clone and microenviron-
ment are the two factors that interact
throughout the disease course. (A) When
a clone is quiescent and microenviron-
ment is nonpermissive (gold arrow) to
myeloma growth, tumor burden (blue his-
togram) remains low and stable. (B) If a
clone proliferates at a greater potential
(white triangle), it can grow through the
nonpermissive environment and elevate
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the tumor burden. (C) Conversely, microenvi-
ronment can be permissive to myeloma
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growth (red arrow) while proliferative potential
remains stable. (D) When both factors are
favorable to myeloma growth, tumor burden
can increase rapidly.
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Fig 3. Identification of high-risk smol-
dering multiple myeloma (SMM) and risk
of transformation to multiple myeloma, by
published models. (*) Actual rate of pro-
gression in an untreated patient with high-
risk SMM during the median follow-up of
40 months.3* This study used a hybrid
method to defined high-risk SMM that
combined Mayo Clinic and Programa de
Estudio y Tratamiento de las Hemopatias
Malignas (PETHEMA) criteria. The high-
risk group was defined as patients with
= 10% bone marrow plasma cells and
monoclonal component (immunoglobulin

70t

Mayo PETHEMA®* Mateos FISH®
Clinic® et al®

High-risk
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Median

78 of 273 39 of 93 62 of 62 42 of 351

(months)

Definition of
high-risk SMM
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44 of 248

follow-up 72 56 40 82 42

High-risk

[t(4;14),
del(17p),

high tumor
burden

(M protein
> 2 g/dL)

G = 3 g/dL, immunoglobulin A = 2 g/dL,
or urine Bence Jones protein > 1 gram
per 24 hours) or one of these criteria and
= 95% abnormal bone marrow plasma
cells by flow cytometry (FC) with immu-
noparesis. (1) Three-year estimated risks
of progression. Original article reported
median time to progression in individual
risk groups; 3-year risks of progression
were estimated based on Kaplan-Meier
survival curves. (¥) Three-year risk of pro-
gression was reported. Bars without sym-
bols (*, t, #) are for b5-year risk of
progression. aBMPC, abnormal bone mar-
row plasma cells; BMPC, bone marrow
plasma cells; FLC, free light chain; FISH,
fluorescent in situ hybridization; MRI, mag-
netic resonance imaging; PCLI, plasma cell
labeling index.
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(=10%), and abnormal serum free light chain ratio (outside the range
of 0.125 to 8). In the presence of all three risk factors, 5-year risk of
progression to active MM was 76%.”> The Spanish Programa de
Estudio y Tratamiento de las Hemopatias Malignas (PETHEMA)
study group uses different parameters and defines high-risk SMM as
the presence of = 95% neoplastic plasma cells by flow cytometry and
immunoparesis. By Spanish criteria, 5-year risk of progression was
72% when both risk factors were present.* In a head-to-head compar-
ison of the two models in 77 patients with SMM, a significant discrep-
ancy between the two existed, demonstrating a concordance rate of
only 28.6%.% For practical reasons, the aforementioned phase IIT
clinical trial by Mateos et al** (lenalidomide-dexamethasone v obser-
vation) used a hybrid method to define high-risk SMM: patients
demonstrating = 10% bone marrow plasma cells and a monoclonal
component (IgG = 3 g/dL, IgA =2 g/dL, or urine Bence Jones protein
> 1 gram per 24 hours) or one of these criteria and = 95% aberrant
plasma cells by flow cytometry. When the hybrid method was applied
to the real-world observation study of 2,494 patients, aberrant immu-
nophenotype data for plasma cells were not available because of the
lack of feasibility of using a flow cytometry technique. In this study, up
to 30% of newly diagnosed patients with SMM or 4.2% of all patients
with MM were candidates for treatment.® High-risk SMM popula-
tions may encompass a significant proportion of patients with my-
eloma who have unmet needs, which calls for a more reliable tool for
risk stratification.

Detection of chromosomal abnormalities is an alternative
method of identifying high-risk SMM (Fig 1). The prognostic value of
fluorescent in situ hybridization (FISH) —detected cytogenetic abnor-
malities in active MM appears to be applicable to SMM. For instance,

WwWw.jco.org

t(4;14), deletion 17p, and gain 1q, which are well-known high-risk
mutations found in MM, >”>° were also associated with shorter time to
progression (TTP) in SMM? independent of tumor burden.® If tumor
burden was higher in addition to these high-risk mutations, the risk of
progression almost doubled (2-year TTP, 59% v 30%).° On the basis
of these findings, cytogenetic analysis may have a prognostic role in
SMM in forecasting the risk of disease progression into active MM.

Although SMM is currently understood as a precursor disease of MM
with the risk of transformation into active MM, on the basis of current
guidelines, the standard of care for SMM is not to treat.* Since 1988,
many studies have contributed to establishing this nonintervention
strategy in SMM (Table 1).*' A prospective study of thalidomide in 76
patients with SMM demonstrated significant reduction of tumor bur-
den (ie, lower M-protein concentration).** Furthermore, the addition
of bisphosphonates to thalidomide had an added benefit in lowering
the M-protein concentration by 25% or more.** Nevertheless, treating
SMM with single-agent thalidomide brought three concerns.* First,
early studies suggested that intervention may put selective pressure on
myeloma clones and could potentially give growth advantage to fitter
and more aggressive clones (Fig4). In fact, in the study by Rajkumar et
al*? based on 76 patients, those who achieved partial response (PR)
with thalidomide had shorter TTP and inferior event-free survival
(EFS). As pointed out by the authors, the underlying causes remain to
be better understood.** Second, long-term thalidomide therapy was
not as well tolerated as expected and required dose reduction (86%) or

© 2014 by American Society of Clinical Oncology 117
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Fig 4. Trajectories of treatment in smoldering multiple myeloma (SMM).
Theoretically, treatment response in SMM can branch into seven different
scenarios. (1) A group may show no response to treatment and progress, as seen
in treatment with interleukin-1 receptor antagonist®? or bisphosphonates.*® (2)
Treatment can slow disease progression without meeting criteria for partial
response (PR). (3) Treatment can achieve PR followed by slow disease progres-
sion (as shown in 3) or stable disease (not shown). As an example, single-agent
thalidomide was able to achieve PR in 25%%% and 47.5% of patients® in two
different trials. (4) Some patients who achieved PR or complete response (CR)
may undergo selection of fitter clones and later have an accelerated progression.
This was an observed phenomenon as shown by a shorter time to progression in
the PR group treated with thalidomide.®° (5, 6, 7) Treatments can lead to CR, as
seen in 14% of patients with SMM treated with lenalidomide and dexametha-
sone®* or up to 100% when treated with a three-drug combination.*® Long-term
follow-ups are required to monitor the consequence after CR, which may be
followed by relapse with slow progression (5), stable disease with a disease
burden below the level of detection (shown as minimal residual disease [MRD];
6), or cure (7). MM, multiple myeloma; Rx, treatment.

discontinuation (50%) in several patients. Third, clinically meaning-
ful response rate was low (PR or better in 42%) and did not impact
survival. Variations of alkylating regimens containing melphalan and
the addition of bisphosphonates to alkylators did not show any sur-
vival benefit.**"

The advent of novel therapies has dismantled the conventional watch-
and-wait concept. More tolerable and efficacious therapies have sur-
faced as potential treatments for SMM. Since the 2013 release of study
results showing benefit of treatment with novel agents, a new era has
opened for SMM.

The first study that demonstrated survival benefitin SMM is a
published randomized phase III prospective study of 119 patients
with high-risk SMM.>* In that study, lenalidomide plus dexameth-
asone delayed TTP and improved 3-year overall survival (OS) rate
compared with no treatment (93% v 76% in observation; hazard
ratio, 0.31; P = .03). In addition, results of a single-arm pilot study
with the addition of carfilzomib to the same two-drug regimen
(lenalidomide plus dexamethasone) was presented at the 2013
Annual Meeting of the American Society of Hematology, and it
showed higher rates of deep responses.*® Importantly, previous

WwWw.jco.org

treatment trials for SMM have explored single- or double-drug
approaches to avoid excessive toxicity. However, based on larger
studies treating newly diagnosed MM, three-drug combination
therapy may yield deeper responses without compromising toler-
ability compared with two-drug approaches.”*>**®>” Although
efficacy and toxicity profiles of combination therapies are subject
to the individual drugs that compose the treatment, three-drug
regimens (eg, carfilzomib, lenalidomide and dexamethasone)
based on preliminary data in high-risk SMM demonstrated aug-
mented overall responses with deep minimal residual disease
(MRD) —negative remissions.*®> That three-drug combination
study®® is ongoing, and the original article is anticipated to be
published in the coming year.

Driven by these paradigm-changing studies, SMM has gained
heightened attention, thus inspiring the startup of numerous clinical
investigations. As of October 2014, 15 prospective trials have been
registered at the ClinicalTrials.gov database to investigate the effect of
various agents in SMM, including immunomodulatory agents, pro-
teasome inhibitors, monoclonal antibodies, antioxidants, and multi-
drug combinations (Table 1).

Although treatment trials bring the hope of improved re-
sponse, survival, and perhaps a cure for SMM, they also raise
fundamental questions regarding our definition of the disease and
treatment outcomes. Specifically, what is the definition of response
in patients with SMM who are asymptomatic and have no end-
organ damage? What would be the long-term impact of treatment
in the context of clonal evolution? Answering these questions is not
only clinically relevant but also necessary for regulatory purposes
to obtain US Food and Drug Administration (FDA) approval of a
drug for SMM indication.

Outcomes of preventive treatment for SMM have been gauged by
the reduction of disease burden and the delay of disease progres-
sion, which are represented by serum M-protein,***> MRD sta-
tus,*® TTP,*® and OS.>* Among them, achieving MRD negativity is
translated into treatment efficacy and survival in MM>® and may be
an important milestone for monitoring disease burden and treat-
ment outcome in SMM. As in MM, MRD testing in SMM is limited
because of lack of consensus definitions. Real-time quantitative
polymerase chain reaction (RT-PCR) analysis for the rearrange-
ment of the Ig gene is generally used to detect clone-specific MRD,
and many variations of this assay are available, ranging from
qualitative-PCR and fluorescent-PCR to allele-specific-PCR. Still,
sensitivity of PCR is lower than that of flow cytometry (10™* to
107°), and the use of PCR is limited when detecting somatically
hypermutated tumors. Multicolor flow cytometry can be an alter-
native method for defining MRD and was recently recognized by
the International Myeloma Working Group consensus panel.*’
Still, the implication of flow cytometry—defined MRD negativity in
SMM is unknown, and there is a paucity of data. Another limita-
tion of flow cytometry is specimen processing, which requires
dilution of malignant cells and lowers detection sensitivity. Avail-
ability of fresh bone marrow aspirates and multicolor flow panels
coupled with frequency of testing limits the widespread use of
flow cytometry.
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NGS could offer a valuable insight during follow-up assessment
of SMM by tracking longitudinal evolution of myeloma with respect
to disease biology rather than one-dimensional disease burden. Cur-
rently, there is a paucity of data that define the prognostic role of
sequencing in a large cohort of patients with SMM. Future studies will
need to prospectively assess the role of sequencing with a longitudinal
sequencing effort and long-term follow-up.

An important but hard-to-measure outcome is the impact of
an intervention on quality of life. When SMM is untreated until
hypercalcemia, renal failure, anemia, and bone events occur, it is
known to be associated with higher rates of end-organ damage and
serious complications, such as renal failure (11% to 13%),”® trans-
fusion,®" and skeletal events (58% to 82%).***° Among these,
skeletal complications are closely linked to quality of life, and their
early detection has a predictive role in SMM. Magnetic resonance
imaging and positron emission tomography are promising and
sensitive tools for detecting skeletal lesions that can be alternatives
for conventional skeletal survey. For instance, magnetic resonance
imaging can be useful for initial*>** and longitudinal® assessments
of SMM and is recommended by International Myeloma Working
Group consensus guidelines.*’ Early detection of occult lesions and
treatment of SMM may provide important benefits for patients by
preventing serious complications of the disease, alleviating psycho-
social burden, and promoting quality of life. Future trials will need
to extrapolate from MM experience® and incorporate clinically
relevant, disease-specific outcomes to end points.*’

Areas of Future Research in Myeloma Biology

Combinations of novel agents can modify the kinetics of my-
eloma and achieve deeper responses with MRD negativity. Theoreti-
cally, treatment response in SMM can branch into at least seven
different scenarios (Fig 4). First, a group may show no response and
follow its natural history. Second and third, treatment may slow or
halt disease progression with or without meeting response criteria.
Fourth, some patients who experience PR or complete response to
treatment may undergo selection of fitter clones and later have an
accelerated progression, which was an observed phenomenon in a trial
with single-agent thalidomide** and in serial sequencing of four pa-
tients with MM.'” Selective treatment pressure on myeloma clone
may justify early treatment with an aggressive curative intent. To
address these issues, it will be crucial for future treatment trials to
incorporate longitudinal sequencing follow-up and capture dynamic
changes of dominant clones and subclones during treatment.

The last three groups are the people who achieve complete
responses followed by relapse, MRD negativity, or a cure. Modifi-
cation of disease tempo, depicted as the slope of a curve in Figure 4,
appeared to be the most common event in previous treatment
trials. At the same time, it is important to note that subgroups of
patients may have inherently distinct disease tempo and may show
differential responses to treatment. Examples are patients with
deletion 17p or t(4;14) who appear to undergo rapid progression of
myeloma irrespective of disease burden.” A population with accel-
erated disease tempo may need to be approached with separate
strategies, including short follow-up intervals and early interven-
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tion. The proposed trajectories of outcome must be validated by
future studies with long-term follow-up.

Bone marrow microenvironment is an emerging target for
SMM treatment. Several clinical trials for patients with high-risk
SMM have been launched to study the efficacy of novel drugs that
modulate the microenvironment, including anti-CS-1 antibody
elotuzumab, anti-IL-6 antibody, anti-IL-1 receptor antagonis‘[,52
and DKK-1 inhibitor. An underlying challenge to these trials is the
difficulty in quantifying the permissiveness of the microenviron-
ment. Some studies in patients with SMM reported the use of
plasma cell labeling index, high-sensitivity C-reactive protein,>* or
direct assays of cytokine production.®>®® Still, there is an unmet
need for reliable biomarkers that reflect the tumor microenviron-
ment, which calls for vigilant tissue collection and built-in experi-
mental biomarker studies for future trials.

Suggestions for Current Clinical Practice

Since Kyle and Greipp®” first coined the term SMM in 1980, our
understanding in SMM has evolved. We now define high-risk SMM as
a subset of asymptomatic patients who carry greater risks of progres-
sion into active MM who may benefit from early intervention. Novel
therapies hold promise for an improved survival with a deeper re-
sponse for SMM.>**® Nevertheless, there is an ongoing dilemma in
real-life practice because of the lack of established guidelines for risk
stratification and intervention in SMM. It is also unclear which bench-
marks need to be achieved in clinical trials to provide compelling
evidences to change practice.

For current clinical practice, we strongly recommend that pa-
tients with SMM who meet prospectively validated high-risk catego-
ries be considered for clinical trials.>****° In our opinion, patients with
SMM should not be treated outside clinical trials until data from
treatment trials mature to give more information. The ongoing dilem-
mas in clinical practice call for new approaches in drug development
and trial design.

Drug Development in High-Risk SMM

Because SMM is an asymptomatic disease state, it imposes
new challenges for drug development. For instance, a randomized
study comparing two active treatment strategies in SMM with OS
as the primary end point would require extremely long follow-up
and/or a large sample size to provide sufficient statistical power. In
our opinion, traditional end points, such as progression-free sur-
vival and OS, are quite cost prohibitive, and they delay regulatory
approval of drugs for high-risk SMM. Importantly, per FDA guide-
lines, more sensitive assays can be implemented to serve as surro-
gate biomarkers of survival.®® One such parameter is MRD status,
which has become increasingly important in response assessment
and follow-up in MM.®® Indeed, a growing body of literature in
MM has proved a strong correlation between MRD negativity and
progression-free survival as well as OS benefits.®”””> On the basis of
the aforementioned evidence, the 2014 FDA-National Cancer In-
stitute Roundtable Symposium concluded that flow cytometry—
based MRD testing can serve as a molecular end point and a
surrogate biomarker for survival in MM.”* As suggested by our
experience with MM, we argue that MRD negativity may be an
acceptable end point in future treatment trials in high-risk SMM.
Because MRD status not only defines the depth of response but can
also be followed longitudinally to capture evolving clones, we
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believe that optimal treatment and monitoring strategies for high-
risk SMM have the potential to help develop a cure for this disease.
For example, future treatment trials in high-risk SMM can set
MRD negativity as a primary end point to demonstrate the depth of
response achieved with a study drug and prospectively explore the
duration of MRD-negative status as a secondary end point to assess
the impact of treatment in preventing clonal evolution. There is
also a need for future studies to define the role of repeated MRD
testing, including the duration of MRD negativity and the interval
of testing and its impact on clinical outcome. Therapeutic modu-
lation of disease tempo, disease burden, clonal evolution, and
tumor microenvironment will be emerging scientific issues in the
era of SMM treatment that will need to be addressed in model
systems and in clinical trials accompanied by molecular-based
surrogate biomarkers.

Hence, we propose future randomized trials in high-risk SMM to
demonstrate deep and durable responses defined by MRD negativity.
Patients with high-risk SMM who are participating in treatment trials
need to be prospectively monitored for clonal evolution and investi-

gated for other factors that can hamper the correlation between the
biomarker and the anticipated clinical benefit.
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GLOSSARY TERMS

clonal evolution (of tumor): accumulation of mutations
in cancer cells guided by selective forces. The genomic content of
cells within a single tumor can be heterogeneous as a result of
differences in the mutation history of the lineage of individual
cells. A growth (dis)advantage as a result of the mostly random
mutations creates selective pressure. Cells with the relatively best
genotype eventually dominate in the tumor.

fluorescent in situ hybridization (FISH): in situ hy-
dridization is a sensitive method generally used to detect specific
gene sequences in tissue sections or cell preparations by hybridiz-
ing the complementary strand of a nucleotide probe to the se-
quence of interest. FISH uses a fluorescent probe to increase the
sensitivity of in situ hybridization.

gene expression profiling: identifying the expression of a
set of genes in a biologic sample (eg, blood, tissue) using mi-
croarray technology.

microenvironment: the unique complex of tumor cells, stromal,
and immune infiltrate that can promote or reject tumors as well as
shape their phenotype through contact-dependent or soluble mediators.

minimal residual disease (MRD): the low level of tumor cells
(eg, after chemotherapy) that can only be detected with highly sensitive
molecular methods (eg, polymerase chain reaction) or to molecularly
defined relapse after long-term remission.

NextGen Sequencing (NGS): a non-Sanger rapid DNA sequenc-
ing method that can be done with greater speed, developed after the first
methodologic articles describing relatively rapid DNA sequencing pro-
duced by Sanger et al (1977).

2015 ASCO Annual Meeting

Mark your calendar for the 2015 ASCO Annual Meeting (May 29 through June 2 in Chicago, IL), which brings together
nearly 30,000 oncology professionals from a wide range of specialties. This year’s theme, lllumination and Innovation:
Transforming Data Into Learning, highlights our aim of improving patient care across the globe through the application of
shared knowledge. Everyone involved in the prevention, detection, or treatment of cancer should attend the 2015 ASCO
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