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Abstract

Background: Smoldering multiple myeloma (SMM), an asymptomatic precursor of multiple myeloma (MM), carries a variable risk of progres-
sion to MM. There is little consensus on the efficacy or optimal timing of treatment in SMM. We systematically reviewed the landscape of all
clinical trials in SMM. We compared the efficacy of treatment regimens studied in SMM to results from these regimens when used in newly
diagnosed multiple myeloma (NDMM), to determine whether the data suggest deeper responses in SMM versus NDMM.

Methods: All prospective interventional clinical trials for SMM, including published studies, meeting abstracts, and unpublished trials listed
on ClinicalTrials.gov up to April 1, 2023, were identified. Trial-related variables were captured, including treatment strategy and efficacy results.
Relevant clinical endpoints were defined as overall survival (OS) and quality of life.

Results: Among 45 SMM trials identified, 38 (84.4%) assessed active myeloma drugs, while 7 (15.6%) studied bone-modifying agents alone.
Of 18 randomized trials in SMM, only one (5.6%) had a primary endpoint of OS; the most common primary endpoint was progression-free sur
vival (n =7 38.9%). Among 32 SMM trials with available results, 9 (28.1%) met their prespecified primary endpoint, of which 5 were single-arm
studies. Six treatment regimens were tested in both SMM and NDMM; 5 regimens yielded a lower rate of very good partial response rate or
better (>VGPR) in SMM compared to the corresponding NDMM trial (32% vs 63%, 43% vs 53%, 40% vs 63%, 86% vs 89%, 92% vs 95%,
and 94% vs 87%, respectively).

Conclusion: In this systematic review of all prospective interventional clinical trials in SMM, we found significant variability in trial design,
including randomization status, primary endpoints, and types of intervention used. Despite the statistical limitations, comparison of treatment
regimens revealed no compelling evidence that the treatment is more effective when introduced early in SMM compared to NDMM.

Key words: smoldering myeloma; myeloma; precursor condition; lenalidomide; systematic review; publication bias.

Implications for Practice

Our findings suggest that at this time, given changes to imaging and diagnostic classification, there is very limited randomized evidence
that support the treatment of SMM, outside of well-designed clinical trials. Further randomized studies, ideally with an observation
control arm, that are powered for appropriate primary endpoints (eg, overall survival and quality of life) are warranted to better understand
potential benefits or risks of early intervention in SMM.
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Introduction

Smoldering multiple myeloma (SMM) is a precursor condi-
tion to multiple myeloma (MM), occurring in approximately
one in 200 individuals over the age of 40.! SMM carries a
highly variable risk of progressing to MM. Historical stud-
ies suggested that approximately 50% of patients with SMM
would develop MM within 5 years of diagnosis. However,
this is likely an overestimate due to advances in imaging and
the 2014 International Myeloma Working Group (IMWG)
diagnostic reclassification, which increased the number of
people diagnosed with MM.>* Although MM is often consid-
ered incurable, dramatic advances in treatment raise the ques-
tion of whether cure may be achievable with novel agents.>®
In some solid cancers, detection at an earlier stage leading
to intervention—especially surgery—can lead to cure, such
as in colorectal cancer.”® Similarly, it has been hypothesized
that early treatment of SMM before progression to MM may
either avert morbidity associated with MM and/or increase
the possibility of cure.’

There are various hypotheses that biological characteristics
of SMM might make it more susceptible to treatment than
MM,; it is thus often perceived that a given therapy might be
more effective in SMM than MM. "2 Based on the concept of
early interception plus the recognition that MM always orig-
inates from a precursor state, there is strong interest in early
intervention for SMM. For example, the ASCENT trial of
aggressive 4-drug therapy for SMM was based on the hypoth-
esis that intense therapy applied at this precursor phase could
potentially eradicate the malignant clone and lead to long
term remissions or even cure.!® Furthermore, theoretically
preventing or curing MM before it leads to morbidity, such as
fractures and renal failure, would be ideal.

Two prospective trials suggested that progression to
MM may be delayed by treating SMM. In the randomized
QUIREDEX study of 119 patients with high-risk SMM
(HR-SMM), the median time to progression (TTP) was sig-
nificantly longer in patients treated with lenalidomide and
dexamethasone compared to patients who were observed.'
In a second, more recent trial of 182 patients, of whom 56
had HR-SMM, the use of lenalidomide reduced the risk of
progression of SMM to MM.'* However, neither trial was
adequately powered to assess overall survival (OS), and their
relevance to today’s patients is limited, given that the patients
previously diagnosed with highest-risk SMM would now
be classified as having MM, and many patients previously
thought asymptomatic may now be classified as having MM
due to more sensitive imaging.'*'® Furthermore, as these tri-
als did not clearly outline the nature of progression events,
“progression” could range from an asymptomatic lab change,
such as a drop in hemoglobin, to more clinically meaning-
ful issues such as fractures or permanent renal failure. Since
these events vary significantly in severity, it remains unclear
whether the therapy is preventing or delaying asymptomatic,
reversible lab changes or symptomatic, irreversible organ
damage. Therefore, whether or not to treat patients with
high-risk SMM remains controversial.'”

It ultimately remains unknown whether treatments that
are known to be effective against MM are indeed more effec-
tive when used in SMM compared to reserving their use
for patients whose disease progresses to MM. Furthermore,
there is great variability in the methodology of clinical tri-
als that seek to evaluate early interventions in SMM, making
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it difficult to incorporate the evidence from these largely
single-arm trials into clinical practice.'®" In order to cap-
ture both completed and in-progress clinical trials in SMM,
we systematically reviewed all prospective clinical trials in
SMM. To interrogate the hypothesis that treatment may be
more effective when used in SMM, we compared the results
of treatment regimens used to treat SMM to that regimen’s
corresponding outcomes in newly diagnosed MM (NDMM),
wherever applicable and possible.

Methods

Search strategy and selection criteria

A comprehensive search strategy to identify prospective tri-
als was constructed in Embase (Embase.com, Elsevier) by a
health librarian and a clinician using truncated keywords,
phrases, proximity searching and subject headings for SMM,
and the CADTH Clinical Trials search filter.?* This strategy
was translated to MEDLINE, Cochrane Central Register of
Controlled Trials, and the Web of Science Core Collection
with initial searches performed on November 10, 2022, and
a follow-up search of ClinicalTrials.gov on April 1, 2023
(see Supplementary Appendix I for detailed search strate-
gies). There was no start date for our search strategy, as we
aimed to include all published and unpublished work on
SMM. Thus, the start of our first SMM trial was October 1,
1983. For all SMM studies, a search was done on PubMed
and Google Scholar for corresponding prospective trials in
NDMM using the same regimen on April 30, 2023. No pub-
lication date or language limits were used. All results were
exported to EndNote version 20 (Clarivate, Philadelphia,
USA); duplicates were removed with EndNote’s duplicate
detection algorithms and manual inspection.

Two independent reviewers (A.K. and A.T.) screened
all studies with discrepancies resolved by a third reviewer
(G.R.M.). This systematic review was performed according
to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) recommendations?! and a
PROSPERO protocol (CRD42022373951) outlining our
search and analysis plan a priori was submitted before search
initiation. This study was not submitted for Institutional
Review Board approval as it was not human participant
research.

Our search strategy included all prospective therapeutic
clinical trials from 1980 to April 1, 2023. Other study types
were excluded (eg, observational cohort and registry). Only
studies with patients meeting the diagnostic criteria for SMM
were included, while studies of all other plasma cell dyscra-
sias such as MM were excluded. Studies also had to evaluate
potentially active myeloma drugs (including drugs considered
to potentially be active but not proven, such as celecoxib
and metformin) or bone-modifying agents; studies of other
treatment types were excluded. Results posted on non-peer
reviewed sources such as trial registry sites and abstracts from
conference proceedings captured via our search strategy were
included. Trials that were in progress that did not yet have
results but had a clear description of methodology and inter-
ventions were included.

Statistical analysis

Two authors (A.K. and A.T.) extracted the following data using
Microsoft Excel (Microsoft, Washington, USA): trial design
(randomized or nonrandomized), number of patients, median
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age, treatment regimen, duration of treatment, length of follow-
up, study enrollment period, primary endpoint type and out-
comes, overall and treatment-related deaths, funding source,
and study location. Clinical endpoints were defined accord-
ing to FDA guidelines as overall survival and symptom end-
points (patient-reported outcomes), while surrogate endpoints
included overall response rate (ORR), progression-free survival
(PFS), TTP, measurable residual disease (MRD), and safety.?
The primary objective of our study was to systematically
review clinical trials in SMM, ascertaining whether these
studies were randomized, whether they met their prespeci-
fied primary endpoint (that the study was statistically pow-
ered to assess), and the type of intervention studied, which
we categorized as intensive multiagent therapy, preventative
low-intensity therapy, or bone-strengthening agents. A key
secondary objective was to compare the results of individual
regimens used to treat SMM to the corresponding outcomes
of that regimen when used in NDMM. The prospective trial
in NDMM that had the greatest similarity in dosing and
administration to the comparable trial in SMM was used for
comparison. We descriptively compared rates of very good
partial response or greater (>VGPR), and also collected ORR

and complete response rates for each regimen. We chose to
compare response rates and MRD rates rather than PFS, as
progression is defined differently in MM (defined by for-
mal progression criteria based on laboratory values and/or
end-organ damage), in contrast to SMM, where it is often
defined as progression to MM.* Furthermore, time-to-event
endpoints such as PFS in SMM can incorporate lead-time bias
due to earlier diagnosis.

All completed randomized trials were assessed for bias
using the Cochrane Handbook for Systematic Review of
Interventions, version 6.2 and Cochrane risk-of-bias tool,>>**
and all completed nonrandomized trials were appraised
across all domains of bias using the Cochrane Collaboration
Risk of Bias in Nonrandomized Studies of Intervention
(ROBINS-I) tool.?

Results

From an initial search finding 1492 results, 45
studies!®1113142666 were included after excluding duplicates
and studies not meeting SMM diagnostic or treatment inclu-
sion criteria (Figure 1). Most trials studied active myeloma

[ Identification of studies via databases and registers ]
A total of 1492 records identified
through data base searching:
Embase (n = 983) SR;zc;rndi:;emoved before
MEDLINE (n = 93) - > e
Cochrane (n = 98) DuBIl&a;e records removed
Web of Science (n = 270) (n= )
Global Index Medicus (n = 18)
ClinicalTrials.gov (n = 30)
v
Records excluded:
Records screened: I Not meeting diagnostic
(n=1075) criteria of smoldering
myeloma (n = 656)
A
) Reports not retrieved:
Reports SOUght for retrieval: > Not meeting criteria of a
(n=419) smoldering myeloma
prospective clinical trial (n = 273)
R Reports excluded:
ReEorts assessed for eligibility: Subset analyses of previous
(n =146) ' ; : . L
studies, studies without clinical
outcomes, or not meeting
treatment inclusion criteria
(n=101)

Studies included in review:
(n=45)

Figure 1. Flow diagram depicting search strategy and study inclusion.




Table 1. Characteristics of included studies.
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Table 1. Continued

Characteristic (n = 45)

No. of trials (%)

Characteristic (n = 45) No. of trials (%)

Study status
Completed

Active, not recruiting, preliminary results

available

Recruiting, preliminary results available

Active, not recruiting, no results available

Recruiting, no results available
Study design
Randomized

Blinded (amongst randomized)

Treatment control arm (amongst randomized)

Observation control arm (amongst random-

ized)

Nonrandomized
Single-arm
Observation control arm
Two-group study
Multi-group study

Median sample size (IQR)
Randomized studies
Nonrandomized studies

Year study started patient enrollment
Pre-2000
2001-2013
Post-2014

Publication format

Manuscript

Abstract

ClinicalTrials.gov only

Treatment approach

Single agent

Multiagent

Bone-modifying agent

Primary endpoint

Response rate
Randomized
Nonrandomized

PES
Randomized
Nonrandomized

MRD
Randomized
Nonrandomized

(O
Randomized
Nonrandomized

TTP
Randomized
Nonrandomized

Translational
Randomized
Nonrandomized

M-protein level

23 (51.1)

10

20 (44.4)
13 (28.9)
12 (26.7)

N o b= o o=
=R
g2l R N

H
UrobrhoDygooaiv—

N o s o

Randomized 2 (11.1)
Nonrandomized 1(3.7)
Safety 3(6.7)
Randomized 0 (0.0)
Nonrandomized 3(11.1)
Multiple 2 (4.4)
Randomized 2 (11.1)
Nonrandomized 0 (0.0)
Other 2 (4.4)
Randomized 0 (0.0)
Nonrandomized 2 (7.4)
Funding source
Industry 23 (51.1)
Nonindustry 19 (42.2)
Unknown 3(6.7)
Location
USA 29 (64.4)
International including USA S(11.1)
Non-USA only 11 (24.4)

Abbreviations: IQR, interquartile range; M-protein, monoclonal protein;
MRD, measurable residual disease; OS, overall survival; PFS, progression-
free survival; TTP, time to progression.

drugs (n - 38’ 84.4%)10,11,13,14,26—29,32,33,35—39,41—52,54,56—65 Whlle the
remainder studied bone-modifying agents (n=7, 15.6%;
Table 1 ).30,31,34,40,53,55,66

Eighteen Studies (40.0%)13,14,27-33,50,52,54-56,58,59,64,65 were
randomized trials while 27 studies (60.0%)'0:11,26:3+
49,51,53,57,60-63,66 ere nonrandomized trials. Of 18 randomized
trials, the most common primary endpoint was PFS (n=7,
38.9%),!427:30:31,50,52.56 followed by ORR (1 = 3, 16.7%),%%6465
TTP (n =3, 16.7%),'3?*5 M-protein level (n =2, 11.1%),>>*
and OS (n=1, 5.6%)%*; 2 studies (11.1%)?*33 had mul-
tiple primary endpoints. Fourteen (78%) randomized
trialsl3,l4,28—3l,33,50,52,54,56,59,64,65 were Open label and 4 (22% )27,32,55,58
were blinded. Only one study (5.6%)** had OS as its primary
endpoint. Amongst 27 nonrandomized trials, the most common
primary endpoint was ORR (7 =13, 48.1%),!0!1,35-37:39:404¢-
48.006206 followed by safety (7 =3, 11.1%),*>°%3 PFS (n =3,
11.1%),%461 MRD (n = 3, 11.1%),>>*7 a translational out-
come (1 =2, 7.4%),>%*! other outcomes (n =2, 7.4%),>**3 and
M-protein level (n =1, 3.7%).*

Thirty-two  studies!'®!!:131426-49.53,57.65.66  had  reported
results: 23 (71.9%)!31427-45,6566 were completed trials with
final results available and 9 (28.1%)!'0:11:26:46-49.53.57 were
ongoing with only preliminary results. Among these 32
trials, single-agent treatment (7 = 14, 43.8%),!416:27:28:32,35,
37:39.41,44.47:48.65 multiagent approaches (7 =12, 37.5%),"
15,26,29,33,36,42,43,45,46,49,57 and bone_modifying agents (n - 6,
18.8%)30:313440,53,55.66  yere tested. Most were nonran-
domized (17 =22, 68.8%).1%11:2634:49,53,57.66 Table 2 lists the
characteristics of the 10 (31.3%) completed randomized
trials!314273365 with final results available, including pri-
mary outcome results.
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.17; median duration 21 months vs

31 months). Survival: there was no differ-
ence in survival between the 2 treatment

groups

response with either dose of IPH2101

survival between the 2 treatment groups.

Response duration: the duration of
of treatment was similar in both groups

out of 25 (52%) patients vs 12 out of
22 (55%). There was no difference in
relapse-free survival after the cessation

Response rate: response was seen in 13
(P

Primary endpoint results (intervention vs

control)
0% of patients achieved an objective

Primary
endpoint
met?
NO

NO

Primary endpoint

Multiple (response
rate, plateau
phase/response
duration, and
overall survival)

Response

disease progression
then melphalan-

Observation until
prednisone

NA

prednisone

kg or

Intervention regimen Control regimen
IPH2101 2 mg/kg

IPH2101 0.2 mg/
Initial melphalan-

on disease classi-

ment, open label
fication

Assignment based

Study design
Parallel assign-

Total
number of
patients
30

50

Trial name/NCT

number
NCT01222286

KIROMONO

NA

Abbreviations: CR, complete response; HR, hazard ratio; NA, not available; NS, not significant; M-protein, monoclonal protein; PD, progressive disease; PFS, progression-free survival; TTP, time to progression.

Table 2. Continued

Author,
year
Hjorth et
al, 1993%

NA

The Oncologist, 2025, Vol. 30, No. 2

Among 32 trials with results available, 9 studies
(28.1%)13:14:26:29.37.38.42:4348 met their prespecified primary end-
pOint Whlle 18 Studies (56.3%)10,27,28,30-35,39-41,44,46,47,53,65,66 had
not; 2 (6.3%)*>°7 had not yet reported primary results, and 3
(9.4%)'1364 had unclear primary outcome results. Among 9
trials that met their primary endpoint, 7 (77.8 %) 1314237384243
were published in manuscripts and 2 (22.2%)2%*% in abstracts.
Of the remaining 23 trials, 16 (69.6%)?7:2%:30-36,39-41,44,45,65.66
have been completed without clear evidence of having met
their primary endpoint. Of these 16 trials, 11 (68.8%)?7:2%30:31
33,35,36,3941:4466 published in manuscripts, 4 (25.0% 3234404 in
abstract form, and one (6.3%)% on ClinicalTrials.gov only.

Of 13 ongoing studies’*5254565864 without results avail-
able, 8 (61.5%)%%325456:585964 are randomized. The majority
of these 8 randomized studies list surrogate markers as the
primary endpoint, including PFS (7 = 3, 37.5%),°%°>%¢ ORR
(n=2,25.0%),4TTP (n=1,12.5%),> and M-protein level
(n=1,12.5%).%

Among 8 SMM ongoing randomized clinical trials with-
out available results, 55254365964 yse active control arms
(lenalidomide plus dexamethasone in NCT04270409,
NCT03673826, NCT03937635, NCT05469893 and iber-
domide in NCT04776395) whereas 3 ongoing trials assign
observation or placebo to the control arm (NCT03301220,
NCT04850846, and NCT03792763).

The median sample size of 10 completed randomized
studies was 102 patients (IQR 55-153); of these trials, 4
(40.0%)?8:31:3265 had a low overall risk of bias, 3 (30.0%)!427:?
had some concerns, and 3 (30.0%)'33%3% studies had a high
risk of bias, according to the Cochrane risk-of-bias tool
(Supplementary Appendix II). Of 13 completed nonrandom-
ized trials,’**%¢ median sample size was 31 patients (IQR
22-50). The majority (7 = 10, 76.9%)36-41:4-4566 had a moder-
ate risk of bias, 2 studies®>* were at serious risk of bias, and
one study** had insufficient information to allow appraisal
(Supplementary Appendix III).

Among 6 treatment regimens with >VGPR data available
in both SMM and NDMM settings (Table 3; Supplementary
Appendix 1V), 5 regimens yielded a lower >VGPR in SMM
compared to NDMM: lenalidomide plus dexamethasone
(32% in SMM vs 63% in NDMM); elotuzumab, lenalido-
mide and dexamethasone (43% vs 53%); ixazomib, lena-
lidomide and dexamethasone (40% vs 63%); carfilzomib,
lenalidomide, dexamethasone, autologous stem cell transplant
(ASCT; 86% vs 89%); and daratumumab, carfilzomib, lena-
lidomide and dexamethasone without ASCT (92% vs 95%;
Figure 2); whereas one regimen showed the reverse: carfilzo-
mib, lenalidomide and dexamethasone without ASCT (94 %
in SMM vs 87% in NDMM). MRD results were sparsely and
heterogeneously assessed”; however, of the 3 regimens with
MRD-negativity rates available in both SMM and NDMM
settings, one regimen (daratumumab, carfilzomib, lenalido-
mide and dexamethasone without ASCT) had higher MRD-
negativity rates in SMM, one (carfilzomib, lenalidomide,
dexamethasone, and ASCT) had higher MRD-negativity rates
in NDMM, and the other (carfilzomib, lenalidomide, and
dexamethasone) had similar rates in both settings.'%-26:4368.71

Of 45 total studies, 8 studies!!26:323440454965 that had pri-
mary endpoint results available either on ClinicalTrials.gov
or in abstract format by December 2021 (a cutoff date that
was chosen to allow time for data analysis and publication)
remained unpublished by April 2023. These 8 studies were
then further described (Supplementary Appendix V); 7 out


https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyae219#supplementary-data
https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyae219#supplementary-data
https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyae219#supplementary-data
https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyae219#supplementary-data
https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyae219#supplementary-data

The Oncologist, 2025, Vol. 30, No. 2

Aderays jo

erep I

Ade1ayy s18a£ 7 10J panunuod
JO s1eak £oAIIDIX01/UOTS Aderoyiouow uag
T um -sa1801d [nun 904> *8-€ 9[040 ‘¢T pue ‘g
Aderoyy qurod Aue [oea JO 77 pue ¢ ‘8 ‘1 skep [e1o Sw (f
(%8§ Surmp jurod ®(%E6 ‘T shep Sw oy = xoQ uaY1 “g-T S9[40 “7T (Pad)
(%TT-%¥1 (%L1 %Ly (%85-%6T  Auvie(%/g “%0L ‘TT-T sdep pue ‘g1 ‘g ‘T sdep QUOSEYIIWEXDP
1D %86) %1 IO %S6) ‘IO %S6) IO %S6) -%6L ‘1D %S6) ‘IO %$6) Sw gz =udTBusop  Sw Of = x3( “Buisop 66€SECTOLON  -opruopifeus|
AN AN %81 %9 %€S %ty %€8 %¥8  pirpubls qEUNZIO[Y  pAEPUBIS qBUNZIOY  $6€6LTC0LON -qrnzmiorg
490 UBUIUTET
10} UOLIBZIIOPURT
uon aeredas sa[2£d 71
-BZIWOPUEI Adesoys 10§ (Yoam & 201M] 4S9[24d $7 x (Sw )
puod3s 01 JO S9[24d Sw ()7) Xop ‘17-1 U «— $IPAd g
P Jo 1oud ‘Ade g 1oye sfep Sw ¢7 = u9| 10§ (Yoam & 201M]
$3[04> 71 0T (%6 -1oy3 jo Jeaf (%001 ‘91 pue ‘ST ‘6 ‘8 8-50 ‘-1 3w 7) (P
jo uonpdd 1T SYAD (%S9-%61 (%L8-%79 %18 (%66-%S8 T 193e (%L6 ~%¢€6 ‘T °1 shep uo (;w Xop “1¢-1 skep QUOSEYIWEXIP
-wod 1oy aanedau IO %S6) IO %S6) IO %S6) IO %S6) -%68 IO %S6) IO %S6) /3w 3e s3s0p T Sw g7 = udy Apjoam €Y9E0TCOLON  -opluopljeus]
s-01 38 %69 @A %1¥°0L %LS %6°SL %L8 %6 %¥6 %001 ISIY) (Wy/BW 9¢ =¥ M) wW/SW 9¢/07 =M 08¥TLSTOLON ~qIuozyIED
s1eak
T Suump
Adeaayy
uo JIym
jurod Aue WINAN ur
(%11 1 (%719 Aderoyrouow aprw 19194
“%T 1D %S6) “%6€ IO -OPI[EUI] 10 SISIXd Lep-gz Jo (17-1
VN AN VN %0 VN %Sy VN %S6) %08  [em Suipuodssiod oN sfep) 3w ¢7 =0T  LEEEITTOLON  dprwopreusy
LgddURId[OIUT
Juorssaigord nun
A[snonunuod 324>
Aep-g7 jo (1Z-1
sfep) Sw ¢7 ua| pue
s3> (81-ST pue -1 skep) asTeak 7 108 (12-1
6 Yam 8w (), X9p Jo 2dUEU shep) Sw ()] = u9|
uononpur -aqutew £q pamofq[oy ddUBUdIUIRW UIYI
Aderoys Jo pua $91242 ¢ 103 924 s9[04d Aep-g7 auru
(%L jo 1834 3u0 e (%68 Aep-g7§0 (0T-LT 103 (ST-TT pue
(%LE%LL  (%¥E%I1 “%TS  (%SH%0T 1oye (%98 %99 PUE‘TI-6 ‘4T sLep) ‘C1-T1 ‘p-1 sdep)
IO %86) IO %86) IO %86) IO %86) ~%L9 1D %S6) ‘IO %S6) 3ur oy Xop (8T-1 w0z Xop {(1Z-1 8€0¥9000.LON duoseyIatexop
AN AN %9T %1T % €9 %CE % 8L % 6L skep) Sw g7 = ua] skep) Sw ¢7 =T €9€08+00LON -OpIuoplEU]
[eL WINAN
pue [ern
WWAN ut NS Ut WWAN WS WINAN WIS WWAN WINS [emm ewopAw [etn ewopiu  Surrapows jo
eiep QI U YD Ul YYD UL YdDAR U YIO uLYYO  dldunw ur Suisoq  Supdpows ui Suisoq  PQUING [HN wwIday

ULYdOAR

"‘eulojeAuu pasoubelp Ajmeu snsien eulojeAw Buliepljows ul Aoedlyye uswibel Jo uosiiedwo) *g ajqer



The Oncologist, 2025, Vol. 30, No. 2

orkderaya seak ¢
8303 £59[240 7T 103Je
panuUBUOdSIP Xap

porzad pue paonpaz asop
juounean us] 3ursop piep (PIa
Apnis 1.°S91242 g 10§ -uels ere(] ‘$IAd ‘Term INADSY)
syauowr Surmp Appeam Sw (4 = X9p Kep-87 10J Apfoam juejdsuen
9°9 30 £31a13 Aderoyy qurod Aue “APpoam 3y Sw (f = xop Appom moynm
-e8ou (TN (%66 Jo sappho g 1% (%66 /3w 9T =eIep ‘I7-T 8y/8w 9T = viep SUOSBYIFWEXIP
Adesoy jo 03 own (%€L-%TS “%¢€8 (%L6-%¥8 1958 (%00T -%06  sAep 8w g7 =ud G TT-T shep -OpIOpIeua]
$[Ld g 1o1yE UBIpaw 1y IO %S6) 1D %S6) IO %S6) %16 1D %S6) ‘IO %S6) pue ‘g ‘1 sfep ;w Sw ¢ = ud “Apjoom 0S606TEOIDON  -qruozjyred
0138 %IL 01 3% %P8 AN % €9 %86 %<6 %001 %L6 /3w 9§ = qruoz[yreD)  23U0 wy3W 9¢/0T =M 66T68TEOION  -qewnuwmniere(y
490 UBUIUTET
10} UOLIBZIIOPURT
— S9PKd 7 X (I
LOSV 193e “—LOSV/00T-PIN gz(Pam/8w 0T = xop
s1eaf 4, $9[24> Aep-g7 anoy Kep/3w (] = uay)
1’ I Adesoys 10J YoM B 901Mm] s189K 7 X Py
paureisns uonep! Sw 07 =xop (11 SAPA T X AU (LOSV-PI
%€T Adesoys uon -[osuod jo sfep) Sw ¢7 = ug| IDSV/00T-TPIN < ‘el
LOSY LOSV -eprjosuoo  REREEERHE ‘9T pueSTie  SALd Kep-gy X1s 105 VSIO-WED)
1s0d 501 asod 0T (%6 Jo pud 1oyye (%86 ‘87 T skep ((wr Appam 3w gy = xop LOSV +
1e sajel U e (%79-%9% (%08-%T19 “%¢€8 (%E£6-%8L (%66-%€6 -%88 3w (0 = sasop ‘(121 shep) QUOSEYIIWEXIP
Sou YN 3ou QYN IO %86) IO %86) IO %86) ‘ID %86) IO %86) ‘IO %S6) Tas1y) (W Sw g7 = W[ APPIM  €H9COTTOLION  -oprwopreud]
%08 % €9 %S %0L %68 %98 %L6 %t6 (3w 9¢ = quuoziyred  93m1 w/BW 9¢/07 =M €I¥STHTOION -qiuozjgaen
o,2oueId[oIUT
Juoissaigoid [nun
panunuod APAn
<01 ->adsar Sw /8w ¢
Je oAnjESoU porrad 03 padNpaI ud| PR RN
MIN JudunEa /qIoZeXI pue T JO 8103 ‘g 9[040
%6'TS potiad Apnas aya PaNuUNUOISIP Xo(] 191j® PaNUNIUOISIP
:pajen[ead judueds} Surmp *9[24> Aep-g7 Jo 7T Xap 924> Aep-g7 Jo
I PeyY Apmis Surp jutod Aue pue ‘¢T ‘g ‘1 skep TT pue ‘¢l ‘g ‘1 shep
(wre py] (%89 Jurod £ue Je ® (%L6 3w o =X9p ‘T7-1 3w o = X9p “T7-1 (PaD)
ur siuaned (%T€%1T  (%SE-%TI %88 (%¥S-%LT (%98-%8L %08 sdep Sur ¢7 = ua] sep 3w ¢7 = u9[ QUOSEIIWEXDP
30 %8°87) IO %86) IO %86) IO %S86) ‘ID %86) IO %86) IO %S6) ‘ST8°T shep ‘Sppue‘gysdep  $TSOSSTOLON  -dprwopieus)
syuaned 101 AN %9°ST %8°1¢ %€9 %0t %18 %6°06 8wy = qruozex| 8w = quwozex]  1/£/916701ON -qiuozexy
[eM WINAN
pue [ern
WWAN ut NS Ut WWAN WS WINAN WIS WWAN WIS [emm pwopAw [emm pwopAw - 3utsspjows jo
elep QI vIep AW U yAOd ULYIOL UL YdOAL UL IIOAL uydo urgdgo dpdpnuw ur Swsoq  Surppjows ur Juisoq QN [HN wwIday

panunuo) g ajqer



9
The Oncologist, 2025, Vol. 30, No. 2

of 8 (87.5%)11:32:344045:4965 either did not meet their primar.y
g2 '53%0 g endpoint or did not clearly specify whether they met their
A E £3 ® primary endpoint. . o
27 = =¥ Z The mode of progression to MM (biochemical vs clinical)
= & 5 é" - was inconsistently described across studies, preclludlng quan-
- % £ £ - g”; -E titative :malysis.1 4(35303;21 ;tﬁiies wi'th dreilults avallabfle, c())nlr}; 57_
R s %%\D% E: %—EQ 2 gy = s'Fud1es (21.9%)1428,30,31,34,43, Adetalle the nature of prog
8= So s % E 5 "2‘ 2 ;_jn 2 e sion (Supplementary Appendix VI).
52 |BREFTEESC gt oS

S-S . .

£8 2 Discussion
g 5?3; § In this systematic review of clinical trials in SMM, we ﬁpd
o é £3 :; that most SMM trials are single—arm? n.onrandoml'zed studies
g2 5 Ee 2 not adequately powered to assess chnlca!ly meamngfql end-
nz 8 g% g points. Surrogate endpoints were the primary endpoint for

2 f‘?} s almost all (97.7%) trials. Furthermore, nearly three-qu_atrter's
& ;:"A £g %D of SMM studies with reported results failed to meet the}r pri-
s o2 o g S-S mary endpoint or did not clearly report whether the primary
2 Z 287 2 E endpoint was met. Seven studies that did not meet their end—
/: ’ o Toi%n i point have not been publishedbat the time of our analysis,
2 Te g suggesting possible publication bias.
zéb % « %g E %r%lportiftly, whelr)l a regimen has been assessc?d _in both
%z Z £2 2 SMM and NDMM contexts, response rates were similar, sug-
= Ej o gesting there is an absence of convincing data to support the
g 5 5L 3 hypothesis that SMM is “more resppngvg” to therapy thgn
& d[; R MM, even when considering the limitations of'cross—trlal
G2 2 5 %‘g i comparison. We also find that most of. these.studles have at
A E e a ‘53 % least a moderate risk of bias, .furt.her reinforcing the need for

235 7 high-quality randomized studies in SMM. .

Ex o Early intervention for SMM is based on .the premise that
£ 2 g § B = lower-disease burden may be more responsive to treatment,
& = gz" 8 and thus more curable, than symptomatic .dlsease (ie, frank
% % E EE —% £ MM).102¢ So far, only one randoml_zed trlalﬂln SMI\/{ l;is lieferi

2 = 87z « § owered to detect an improvement in overall survival; this tria
g 5. = 'i SOFN g 3 S I g Fs ongoing, with no results available yet (NCT03937635).. For
o = ° i\i 22 E § i e.r Ti ~ § an asymptomatic condition such.as SMM t.hat has Varl_abie
% E SREeE < & & §:§ 5 % risk of progression to symptomatic dlse}?seh(le, sprlrle ;(Jiatleigt:
3 L L e or depth of reaponse (o, MRD. mesat:
E S % = ased on response or de ,
%‘)* ;"; g% § ¥ ity) are mealll)ingful for patients. Notably, even iq NDM}:/;S,
El= EE g :" N § the endpoints of ORR and PFS correlate poprly w1t.h OS.747
E i f-;% E% g P Furthermore, treatment is often accompanied by 1mpactful
®E ¥ Sy oz 3 side effects’ and is expensive, which can lead to financial tox-
£ : é éhg 2 fl icity for patients’®; given that in the United States, lenalido-
S E Z UA§ \%D ) mide can cost >$17 000 a month per patient and quadruplf;t
= 5 A i) i g 2 8 regimens can range from $300 000 to $500 QOO/year, MM is
E éﬁ . £ E SEEE UU":" S8 % one of the most expensive cancers to treat in terms of drug
:: —_ :s 5‘*,;0: é k= %i% 2 -; Eﬁ g2 g—% gE costs, 187778 o . .
g .2 E Jé o i:—; £ o 3.3 228 %, We did not find convincing evidence that SMM is inher-
£ g EEE E 5 SiEE é—% gi;“’é ently more responsive to therapy than MM. .leferences in
.%‘)E z % “S2EE %—5 g SeEaes study populations, dosing schema, and duration of therapy
g % S‘ SHPERSSES T‘jé 83 ?;; precluded formal statistical comparison. Howevgr, our find-
= o élﬁg fz é% ings of similar or lovi/ler response ratejoto mt:er(a)[;l:s 11(1) tii/gﬁ
5 ¥ =3 ERC R e versus NDMM challenge existing dog 1. bp |
EE_E|y &3 gém 5% explanation could be that SMM clones, which can be s ower
273 ‘é = E e § Q‘g '%g growing, may be harder to eradicate tha'n MM clongs. Thls' is
3 = E G g,d"@ = ‘gog consistent with emerging evidence positing thqt patients W}th
z8Ez| 2 3! E Y- monoclonal gammopathy of undetermined 51gmﬁc.ance-hke
g - 2LES g phenotype in SMM exhibit low disease progression rates
e £2 4 i:% o égééé £ with no difference in TTP between treatment versus obser-
8 = gg E é E 75_; ‘éjﬁf EE g vation.” This is also congruent with real world evidence
‘3 q§) = E § g *JZ g E EE%E; g from the Aus'tralia and New Zealand Myeloma ;n;il Rhelatezil
E i’n g =ETEE 5 Z3Em s Diseases Registry of 1818 patients with MM, which showe
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Overall Response Rate in SMM versus NDMM
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Very Good Partial Response Rate in SMM versus NDMM
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Figure 2. Comparison of overall response rate and very good partial response (or greater) rate in corresponding SMM versus NDMM trials.
Abbreviations: ASCT, autologous stem cell transplant; DKRd, daratumumab-carfilzomib-lenalidomide-dexamethasone; ERd, elotuzumab-lenalidomide-
dexamethasone; IRd, ixazomib-lenalidomide-dexamethasone; KRd, carfilzomib-lenalidomide-dexamethasone; NDMM, newly diagnosed multiple
myeloma; ORR, overall response rate; Rd, lenalidomide-dexamethasone; SMM, smoldering multiple myeloma; VGPR, very good partial response.

no difference in response rates between early- and advanced-
stage MM..%0

Universal treatment of high-risk SMM overtreats many
who would do well with just observation alone. For example,
even among patients with high-risk SMM in the observation
arm of the E3A06 trial, at least 50% were free from pro-
gression at 3 years.'* Seminal work by Kyle et al defining the
natural history of SMM over 135 years also showed that even
at 15 years, 27% of patients remained without disease pro-
gression.®! Furthermore, there is a current lack of reporting of
the breakdown of CRAB progression in the majority of SMM
trials, making it difficult to ascertain what effects early treat-
ment may avert. In a recent retrospective cohort study, most
progression events were asymptomatic laboratory changes,
rather than morbid events such as fracture or renal failure.
To justify the treatment of these patients, a net benefit must
therefore be demonstrated in a randomized trial powered to
assess a clinically-meaningful endpoint.

Current risk stratification models poorly predict patients’
risk of progression and have poor concordance with each
other.?>% Evolving models that incorporate changes to lab
markers over time and genomics may help improve prediction
of which patients are more likely to progress and need ther-
apy.** While it is paramount to longitudinally collect biospec-
imens as part of SMM trials for future translational research,
the benefits to an individual study participant for enrolling on
a therapeutic trial may not outweigh the risks of the interven-
tions being offered.

The lack of SMM studies with active surveillance as the
control arm not only makes it difficult to know whether
patients ultimately benefit from earlier treatment, but also to
capture potential harms of early intervention, which is espe-
cially important for asymptomatic patients.” This was high-
lighted by patient deaths in recent trials of intensive therapy
for SMM: GEM-CESAR?® (7 deaths, 8% of patients; and
51% of patients with nonhematological grade >3 toxicities)
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and ASCENT?" (3 deaths, 3% of patients). The lack of a
control arm in these studies makes it impossible to know
whether these deaths were due to treatment, and whether
these patients would have lived longer if they had instead
been observed until progression. Similarly, while there is an
emergence of targeted therapies suggesting promising activ-
ity, such as the recent Immuno-PRISM?® trial of teclistamab
(n =19, ORR = 100%, MRD negativity = 100% at 10~ for
the 8 evaluable patients), the lack of a control arm receiv-
ing no therapy presents 2 major unanswered counterfactu-
als. First, we do not know how these patients would have
responded if treated at the time of progression to myeloma
and second, due to the lack of a control arm receiving active
surveillance, we do not know how patients would have done
without therapy. Patients in the trial arm (7 = 12) experi-
enced grade 3 or higher toxicities such as neutropenia (1 = 4,
33.3%), pancreatitis (7 =1, 8.3%), elevated ALT (n =3,
25%). The duration of response is also unknown. In compar-
ison, a prospective observational cohort study of 96 patients
with SMM observed no non-myeloma-related deaths after 28
months median follow-up.%¢

As treatment options improve for MM, it becomes increas-
ingly difficult to show an overall survival benefit in newly diag-
nosed MM, let alone SMM. Nevertheless, we believe that the
bar for adopting early intervention in an asymptomatic popu-
lation should be an improvement in overall survival or quality
of life with the adoption of the intervention. As an example,
in asymptomatic chronic lymphocytic leukemia, agents have
shown a PFS benefit, but no OS benefit, and the field has not
adopted early therapy despite these data.’” The neutral prior
has been that precursor hematological conditions that are not
causing morbidity in their current state should not be treated
unless earlier treatment improves survival.

We recognize that each hematological malignancy is differ-
ent. For instance, the discovery of a high-grade lymphoma,
even if asymptomatic, represents a very different clinical
scenario than the discovery of an asymptomatic low-grade
follicular lymphoma. Given the long follow-up required to
ascertain overall survival, using an endpoint that captures the
nature of progression—such as distinguishing between asymp-
tomatic lab changes and morbid end-organ damage—may be
a useful intermediate. This approach is being explored in a
prospective noninterventional SMM trial (NCT06212323).88

Limitations

Limitations of this study include that assessed studies may
only have had limited follow-up and many were limited by
sample size. Furthermore, although we do not make claims
that one regimen is more effective than another, or more
effective in one context than another, comparison across
trials (between NDMM and SMM) should be considered
descriptive only and therefore interpreted with caution. We
analyzed all studies in SMM, including studies done prior to
diagnostic reclassification and the use of advanced imaging,
and these studies may not be relevant to modern day SMM.*
Prospective studies are needed to evaluate the natural his-
tory of contemporary SMM, such as the SPOTLIGHT study
(NCT06212323).

Conclusions

Our study highlights the heterogeneity of clinical trials eval-
uating interventions in SMM and suggests there is a lack of

1

evidence to suggest that treatment regimens are more effec-
tive in SMM than in NDMM. Randomized trials powered
to assess clinically meaningful endpoints (especially overall
survival), with active surveillance as their control arm, are
needed to assess the risk-benefit relationship in contemporary
patients with SMM.
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