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Summary: While the current approach to precursor hematologic conditions is to “watch and wait,’ this may change
with the development of therapies that are safe and extend survival or delay the onset of symptomatic disease.
The goal of future therapies in precursor hematologic conditions is to improve survival and prevent or delay the
development of symptomatic disease while maximizing safety. Clinical trial considerations in this field include
identifying an appropriate at-risk population, safety assessments, dose selection, primary and secondary trial
endpoints including surrogate endpoints, control arms, and quality-of-life metrics, all of which may enable more

precise benefit-risk assessment.

INTRODUCTION

Precursor disease states require unique considerations for
drug development. The natural history of precursor diseases
requires efforts to minimize toxicity and balance safety and
tolerability with therapeutic efficacy. These aspects of any
therapeutic intervention in the space should be well charac-
terized. Along with including a carefully defined, significantly
at-risk patient population, we can make a more precise ben-
efit-risk assessment. Trials should be designed to maximize
our ability to interpret the results and confidently integrate
findings into clinical practice. Finally, both early and late
endpoints should be measured, recognizing the critical role
of long-term outcomes in this setting. Early engagement with
regulatory agencies can avoid delays due to the complexities
of drug development in this space.
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DEFINING AN “AT-RISK POPULATION” IN
MULTIPLE MYELOMA PRECURSORS

There are many ongoing studies in smoldering multiple
myeloma (SMM), especially in high-risk SMM. However, the
evolving definition of high-risk SMM and disparate inclu-
sion criteria have made the results difficult to generalize.
Multiple criteria can be used to define the risk of progres-
sion to multiple myeloma (Table 1). Several have demon-
strated clinical utility but these distinct approaches have
discordant results for the same patients. In 2014, the Inter-
national Myeloma Working Group (IMWG) modified the
hypercalcemia, renal failure, anemia, and bone disease
(CRAB) definition of multiple myeloma by adding three cri-
teria, 260% bone marrow plasma cells, free light chain (FLC)
ratio 2100, and >1 MRI-defined >5 mm focal lesion, called
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SLiM CRAB, to include cases previously defined as ultra-
high-risk SMM and avoid undue harm that occurs during
“watchful waiting” (1). In 2020, the 20/2/20 risk stratifica-
tion model provided a new definition of high-risk SMM (2).
However, patients with rapidly increasing M spike or serum-
free light-chain levels or decreasing hemoglobin levels are
also recognized as having a high risk of developing multiple
myeloma. Studies have used this expanded definition of high-
risk SMM based on dynamic monitoring of the disease rather
than a one-time snapshot (3). To further improve risk assess-
ment, new progression risk models are needed and will likely
include factors such as circulating tumor cells and genomic
aberrations (MYC, KRAS, etc.) that are indicative of high-risk
SMM (4, 5). The development of additional markers or mod-
els to better stratify patients by progression risk and define
an appropriate at-risk population should be encouraged and
supported.

There is a need to define the population that is likely
to experience the most favorable benefit-risk ratio with a
given therapeutic. When considering the benefit-risk bal-
ance, we often refer to the uncertainty of efficacy and safety
assessments. In the context of conditions like monoclonal
gammopathy of undetermined significance (MGUS) and
low-risk SMM with long natural histories and generally
favorable outcomes (i.e., low progression rates) uncertainty
must be minimized, emphasizing the need for robust and
comprehensive clinical trials with precise assessments.

Uniform use of 20/2/20 to define high-risk SMM in clinical
trials could help advance drug development in SMM. High
variability in clinical trial inclusion criteria makes it difficult
to perform meta-analyses or use data from past trials in new
inquiries. It can also lead to challenges in clinical trial accrual in
many countries or applying the inclusion criteria to real-world
populations. Cross-trial comparisons and assessments of out-
comes over time are challenging in the absence of standardized
criteria. Dynamic changes in M spike or serum-free light-chain
levels constitute a significant increase in the risk of progression,
and clinicians use these factors to make risk assessments. Incor-
porating dynamic changes would be critical to define high-risk
SMM cases that are likely to progress to multiple myeloma.

A major caveat of existing models is the lack of consid-
eration for light-chain (LC) SMM. Patients with LC SMM
may have a serum FLC ratio >100 and be diagnosed with
overt multiple myeloma by SLiM-CRAB criteria, while they
typically show no M spike. They also cannot be accurately
stratified by 20/2/20. A recent publication from Mayo Clinic
clarified that a patient with urinary free light chains of <200
mg/24 hours, even with a FLC ratio >100, is still at low risk
of progression and can help differentiate overt multiple
myeloma from SMM (6).

SAFETY ASSESSMENT AND APPROPRIATE
DOSE SELECTION

Several questions must be addressed regarding safety.
First, for a previously approved drug, are there different
adverse reactions observed in the precursor patient popula-
tion? What is the duration of treatment, and does it dif-
fer from the previously approved population? If this is a
continuous therapy, the long-term safety would need to be

adequately characterized and be deemed acceptable for this
patient population. If it is a fixed duration, how do we decide
on the length of treatment? What toxicity is acceptable in
this patient population?

Patient-reported outcomes or patient preference assessments
may be useful in this context. Regardless of the mechanism,
toxicity, and tolerability data for both short and long-term
assessments must be collected robustly.

Another important topic with both safety and efficacy
implications that is often overlooked is the appropriate dos-
age in this patient population. There are several drugs in the
oncology space whose development programs failed, largely
due to unacceptable safety profiles, that may have benefited
from additional dose optimization.

Recognizing the importance of dose optimization, the
Oncology Center of Excellence initiated Project Optimus.
The Project’s objective is to ensure that cancer drug doses
are optimized to maximize efficacy as well as safety and tol-
erability by reforming the dose selection and optimization
process. As a field, we should emphasize the importance of
dose optimization, especially for patient populations with
precursor conditions.

Instead of identifying just one dose to move forward or
accepting the dose identified in a relapsed or refractory patient
population, a range of doses should be identified with mul-
tiple dosages moving forward ideally in a randomized trial.
Both dose-response and exposure-response relationships for
efficacy and toxicity should be characterized. The FDA recently
published draft guidance on dose optimization, which may be
helpful.

CLINICAL TRIAL ENDPOINTS

The International Conference and Harmonization (ICH) E9
guidance states that the primary endpoint should be a valid
and reliable measure of a clinically relevant and important
treatment benefit. Valid and reliable refers to the performance
characteristics of the test. The endpoint should also be clinically
relevant. When considering an appropriate endpoint, the natu-
ral history of the underlying disease and the desired outcomes
for the patient population should be considered. The endpoint
should capture the benefit conferred by the treatment. Specifi-
cally, the primary endpoint should evaluate the benefit in the
particular aspect of disease targeted by the treatment.

Some challenges with endpoint selection in precursor dis-
eases stem from the early disease setting and long natural
history. It is challenging to assess long-term outcomes like
overall survival, and endpoints that can be assessed earlier
have either not been fully validated or only validated in late-
stage disease. The clinical meaningfulness of delaying the
onset of multiple myeloma should be assessed in the context
of other long-term or subsequent outcomes.

Care must be taken to ensure that early intervention
does not lead to refractoriness to subsequent therapies, or
decreased ability to receive or tolerate subsequent therapies
with an overall worsening of long-term outcomes. In addi-
tion, the risk of refractoriness should be considered in bal-
ance with the opportunity to avoid the harm of more severe
disease, as in multiple myeloma. It is well established that
delayed treatment is associated with the expansion of more
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aggressive clones (7, 8). Therefore, trials should be continued
for assessment of overall survival because this is the ultimate
endpoint for early treatment. There is a need to evaluate end-
points that can be assessed at early and late times to provide
definitive evidence of clinical benefit.

PROGRESSION-FREE SURVIVAL VERSUS
END ORGAN DAMAGE AS AN ENDPOINT
FOR SMM TRIALS

A major issue is whether a patient with high-risk SMM
who received therapy for a fixed duration and then shows
evidence of biochemical progression and meets the criteria of
high-risk SMM anew should initiate therapy right away. An
endpoint of many current clinical trials—including registra-
tion studies—is the time to develop SLiM CRAB. We consider
several factors. First, PFS (defined as time to biochemical
progression) has been used for all clinical trials of overt MM
without waiting for patients to develop symptoms. Second, if
a patient is in a clinical trial and their M-protein concentra-
tion is rising, they may not want to continue the treatment or
continue observation until organ damage occurs. Third, it is
hard to discern treatment-related renal function impairment
and anemia from SLiM CRAB myeloma events. They can be
intercurrent events and interfere with assessing the primary
endpoint. In this instance, biochemical progression can be a
clearer readout of the underlying premalignancy, malignancy
development, or worsening of disease. Given these considera-
tions, biochemical progression may be a reasonable endpoint.
Importantly, from a patient standpoint, participation in the
clinical trial was likely driven by the opportunity to avoid
end-organ damage, and hence waiting for that to happen may
not be acceptable.

RE-TREATING PATIENTS UPON BIOCHEMICAL
PROGRESSION

Clonal selection posttherapy was identified as a critical
issue. To date, we have no evidence that the underlying clones
become more aggressive at progression in patients treated for
2 years or on a fixed duration therapeutic trial (9, 10). How-
ever, such patients are observed to progress again off therapy,
with some progressing to high-risk SMM or SLiM CRAB
multiple myeloma rapidly after completing therapy, indicat-
ing that the underlying disease is aggressive and requires
further control.

Biochemical progression itself can be a clinical trial end-
point given that these patients not only biochemically pro-
gress but many also meet the criteria for what we consider
high-risk SMM. If a patient’s disease is evolving rapidly, they
may consider going on therapy or subsequent clinical trials.
There was a discussion of whether those patients should be
included on the same trials as those for untreated high-risk
SMM or at least identified as previously treated to define
their response to subsequent therapy compared to untreated
patients. We understand that they may have a very different
response to therapy, especially if they are being re-treated
with the same agents. Would a patient who responded to
treatment with lenalidomide and dexamethasone but pro-
gressed 4 years later be treated again with lenalidomide and
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dexamethasone? Separate cohorts or arms on trials for these
patients would be ideal for data interpretation.

Using biochemical progression as an endpoint, mirroring
what is used in multiple myeloma, should be considered
an option. We do not wait for patients with multiple mye-
loma who exhibit biochemical progression after treatment
to have end-organ damage again before re-treatment, so we
should investigate the risk-benefit balance of treating high-
risk SMM similarly. In addition, we must consider whether
biochemical progression allows us to re-treat these patients
because they meet the criteria of high-risk disease once again.

It is important that criteria to define progression on a clini-
cal trial are consistent with those used in clinical practice.
This again highlights the benefit of randomized trials that
properly address whether the effect of antimyeloma therapy
used earlier is beneficial compared with waiting and using
that therapy when patients develop MM.

Re-treatment population could be included as a separate
cohort of an ongoing trial with strict and unified criteria
as to when to re-treat. Further assessment of biochemical
progression as an endpoint and a standardized approach
to re-treatment in the precursor setting would significantly
advance this field.

OVERALL SURVIVAL

The use of overall survival as a primary endpoint can be
challenging in precursor disease states, and the FDA is ame-
nable to considering other endpoints for specific trials. How-
ever, if early endpoints are used, late endpoints should also
be measured to allow for a complete risk-benefit assessment.
Even if accelerated approval is granted based upon the early
endpoint, the trial is continued for assessment of late end-
points for regular approval. Overall survival is an important
safety parameter. Although we may not use it as the primary
endpoint, we need to make sure that we are assessing overall
survival even in these early precursor trials. Despite the pos-
sibility of patients becoming refractory or precluded from
the use of other agents, if overall survival ultimately is not
negatively impacted and is potentially favorably impacted, a
treatment can be deemed successful.

USING SURROGATE EARLY TIME POINTS

Trials powered for endpoints like biochemical progression
and long-term follow-up for a second progression to look at
the effect of salvage therapy for patients who progress are
critical, but an earlier or intermediate endpoint may be neces-
sary. Intermediate endpoints include minimal residual disease
(MRD) assessment and remission (complete remission).

CONSIDERATIONS FOR MRD

There are several considerations for an endpoint to be
validated. One component is the analytic validity of the assay
itself, which we have established in some disease states. Some
MRD assays have been assessed and approved by the FDA.
They have not, however, been approved for use as an end-
point. In addition to analytical validity, potential early end-
points need to be assessed for clinical validity. Previous efforts
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have included collaborative patient-level data gathering and
submission for FDA review. The FDA examines whether
the definitions of endpoints were consistent across studies
and the associations between early surrogate endpoints and
long-term endpoints (overall survival and progression) are
proportional and consistent. While flexibility is needed, there
must be confidence that the endpoint is a reliable marker in
SMM. The field should consider sustained MRD as an early
endpoint in these clinical trials.

COMPLETE REMISSION AS A
SURROGATE ENDPOINT

Accelerated approval is often based on single-arm trials but
randomized trials can also be used. Response rate data may
be appropriate in such cases. A randomized study would help
to better understand safety in this population and ultimately
allow for truly effective therapies to get to patients sooner.
The published myeloma response criteria can also be used in
SMM (11).

Some agents being used in multiple myeloma are so effec-
tive that progression-free survival in the first-line setting is
approaching 5-6 years, which would be a long time to wait
for the primary endpoint. Ideally, SMM trials would use a
proven surrogate endpoint around the time of response and
continue follow-up for long-term outcomes.

Complete response (CR) or sustained CR can be considered
as a primary initial surrogate endpoint while also collecting
data on PFS and sensitivity or refractoriness to subsequent lines
of therapy. An interception strategy does not need to be 100%
effective, but rather needs to provide a meaningful risk reduc-
tion. The level of risk reduction that would be meaningful and
benefit individual patients is a critical factor to consider.

COMPARATOR ARM IN A RANDOMIZED
TRIAL: OBSERVATION VERSUS OTHER
THERAPY

When assessing potential control arms, the FDA consid-
ers the current therapeutic context and benefit-risk assess-
ment. Currently, observation is the standard of care for most
hematologic precursors. Randomized controlled trials will be
needed to understand and minimize the uncertainty regard-
ing safety and efficacy of any proposed treatment in this
patient population. It is challenging to compare to historical
controls because of changes in management and outcomes
over time, making selection of a comparably defined patient
population difficult. Also, time-to-event endpoints can only
be adequately assessed in randomized trials due to the poten-
tial for bias. Randomized controlled trials also provide a
robust assessment of safety, which is important in this dis-
ease setting. However, we already have data from some phase
three trials in patients with SMM treated with lenalidomide
or lenalidomide and dexamethasone that have shown clear
superiority over observation (12, 13). In this context, it is not
clear that observation is still the ideal control arm. In the vast
majority of precursor disease states observation is still the
standard, but where there is evidence of benefit from other
therapies, lenalidomide and dexamethasone may be used as
a control.

DURATION OF THERAPY AND
TREATMENT-FREE INTERVALS IN SMM

Most SMM clinical trials are designed with a fixed dura-
tion of therapy, but a treatment-free interval could allow
for immune system recovery. Surrogate markers like T-cell
types (response biomarker), less T-cell exhaustion, or actual
reduction of T-cell exhaustion markers during a treatment-
free interval could be considered recovery biomarkers. These
could be used to design strategic treatment-free intervals to
optimize patient outcomes.

SEQUENCING OF AGENTS

Using agents early should not prevent patients from receiv-
ing them later. Many agents are developed in later disease
stages and demonstrate higher efficacy when subsequently
used in earlier settings. We do not know how the reverse
situation will play out, in which we develop an agent in early
stages—how will this impact later use? The development of
new resistance patterns may preclude the subsequent use of
certain classes of agents. For clinical trials, randomization in
this setting is critically important, keeping in mind the ulti-
mate goal of prolonging life.

QUALITY OF LIFE
Quality-of-life (QOL) measures should be included in all

clinical trials. For example, immunotherapies that poten-
tially have high toxicity in patients with large tumor burden
in the relapsed/refractory setting may have minimal toxicity
and side effects in an earlier disease setting and potentially
higher responses. Particularly, in the case of an observation
control arm, we would be comparing a treatment interven-
tion with toxicities to no treatment. In this case, the therapy
would always appear worse in terms of safety, but the impact
on delayed symptomatology would not be observed right
away. Q-twist or other measures may help measure that
trade-off between early treatment-related toxicity and the
benefit of reduced or absent disease-related symptoms at
a later timepoint. We do not necessarily capture all grade
one or two adverse events that occur, but in this disease
space, those become even more important. Because precur-
sor conditions are largely asymptomatic, patient-reported
outcomes, patient preference information, and other QOL
measures have the potential to play a much greater role in
the precursor disease space when evaluating the risk-benefit
balance. However, correct metrics are critical to capturing
complete information over long follow-up periods. It is
imperative in the setting of precursor diseases to try to
reduce toxicity and improve tolerability, emphasizing the
importance of QOL measures in dose optimization and
endpoint evaluation.

DIVERSITY AND INCLUSION

The FDA published draft guidance in April 2022 rec-
ommending submission of diversity plans with each reg-
istrational trial that outline strategies for enrollment of
traditionally underrepresented populations based on race,
ethnicity, sex, rural/urban status, economic status, etc. In
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December 2022, Congress passed the FDORA Omnibus
bill, mandating the publication of final guidance on this
issue, requiring sponsors for registrational trials to submit a
diversity action plan (HR2617, Consolidated Appropriations
Act 2023).

Some clinical trials in myeloma have shown somewhat dis-
parate efficacy results based on race and ethnicity (14). Unfor-
tunately, when those results were analyzed, the sample size
was too small to draw any meaningful conclusions, revealing
the need to address diversity in analysis and statistical plans.
We need adequate representation within these trials so we can
interpret the results and know if these products are beneficial
for patients of all races, ethnicities, etc. Adequate diversity is
important for both equitable access to cutting-edge interven-
tions and understanding how the intervention performs in a
variety of patient populations.

SUMMARY AND CONCLUSIONS

Advances in therapeutics that are safe and highly effica-
cious have enabled the development of clinical trials in early
hematologic precursor conditions to change the status quo
of “watch and wait” to early therapeutic interception and
ultimately cure for those patients before symptoms even
develop. To achieve this ultimate goal, clinical trials need to
be designed with careful considerations including careful
selection of the at-risk population to avoid over or under-
treating asymptomatic patients, safety and appropriate dose
selection, and primary endpoints and surrogate endpoints
that are clinically meaningful and inform changing of prac-
tice in the future.
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