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Purpose: Smoldering multiple myeloma (SMM) is a rare asymptomatic plasma cell dis-
order. Even with emerging therapeutic approaches and risk stratification, the optimal time to
treat SMM remains controversial. This meta-analysis aimed to compare early treatment with
deferred treatment of SMM, especially high-risk SMM.

Methods: Early treatment was defined as treatment immediately after diagnosis. Deferred
treatment was initiated after progression. The primary outcome was progression. Secondary
outcomes were mortality, response, and safety. PubMed, EMBASE, Medline, Cochrane, and
ClinicalTrials.gov databases were searched from January 1990 to March 2019. Randomized
controlled trials (RCTs) comparing early treatment with deferred treatment in SMM patients
were eligible. Risk ratios (RRs) with 95% confidence interval (CI) were pooled.

Results: Eight RCTs covering 885 SMM patients were included. Considering all the
different treatment approaches, early treatment significantly decreased progression of SMM
(RR=0.53, 95% CI 0.33-0.87, P=0.01). In subgroup analysis, melphalan plus prednisone
(RR=0.22, 95% CI 0.08-0.64, P=0.005) and immuno-modulatory drugs (RR=0.43, 95% CI
0.31-0.59, P<0.00001) significantly reduced progression. However, neither mortality nor
response rate was significantly affected by early treatment. In terms of high-risk SMM
patients, early treatment significantly decreased both progression (RR=0.51, 95% CI
0.37-0.70, P=0.0001) and mortality (RR=0.53, 95% CI 0.29-0.96, P=0.04). Frequently
seen adverse events were infection, constipation, asthenia, and second primary malignancy.
A remarkably elevated risk of constipation was associated with early treatment using
immuno-modulatory agents (RR=4.43, 95% CI 2.14-9.12, P<0.0001). Second primary
malignancy was significantly increased with early treatment (RR=4.13, 95% CI
1.07-15.97, P=0.04). No significant difference was identified in infection or asthenia.
Conclusion: These findings suggest that early treatment could decrease progression and
mortality of high-risk SMM patients with a tolerable safety profile.
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Introduction

Smoldering multiple myeloma (SMM) is an asymptomatic plasma cell disorder,
which is recognized in almost 15% of all multiple myeloma (MM) cases.'*
Without end-organ damage, SMM is often incidentally discovered. Overall,
SMM patients carry a risk of progression to MM of 10% per year. High-risk
SMM patients are extremely vulnerable to progression, with a progression rate of
76% in 5 years.’ In 2014, the International Myeloma Working Group (IMWG)
reclassified a subgroup of ultra-high-risk SLiM SMM (bone marrow plasma cells
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[BMPCs] >60%, involved:uninvolved free light chain
ratio >100, >1 focal lesion on magnetic resonance ima-
ging [MRI]) into MM, since it displays a progression risk
of more than 80% in 2 years. Emerging studies have
proposed various risk factors, including BMPC >10%,
monoclonal protein >3 g/dL, involved:uninvolved light
chain ratio >8, immunoparesis, high-risk fluorescence in-
situ hybridization, and evolving monoclonal protein.* '°
Consequently, it is in urgent need to offer SMM patients,
especially high-risk SMM patients, the optimal
management.

The current standard management of SMM is watchful
waiting until progression, which has probably been chosen
due to failure to extend progression-free survival (PFS),
overall survival (OS), and response rate as well as the wish
to avoid the obvious toxicities of early treatment. Previous
experience showed that early treatment using melphalan—
prednisone (MP) failed to extend OS and brought about
various side effects, such as granulocytopenia, thrombocy-
topenia, neurotoxicity, acute leukemia, and nausea.!'™!3
A meta-analysis including the three studies with early
MP intervention proved that early treatment could slow
progression, but the effect on survival and response rate
was insignificant.'* However, questions have been raised
on the insignificant effect of MP on survival in that meta-
analysis. It included only 262 patients, but an estimated
sample size of 350 was required to convincingly measure
a 15% mortality difference according to the Pogue and
Yusuf formula adopted. Whether the insignificance is
because of the nature of MP itself or because of the
insufficient sample size requires further investigation.
Various innovative drugs have been developed over the
years, including immunomodulatory drugs (IMiDs) and
proteasome inhibitors. Huge progress has also been made
in risk stratification of SMM patients. The optimal timing
of treatment for SMM patients, especially high-risk SMM
patients, is also controversial. It is therefore necessary to
reevaluate SMM treatment in consideration of recent
advances.

With the aim of investigating the optimal timing of
SMM treatment, this meta-analysis investigated differ-
ences in progression, mortality, response, and safety
between early treatment and deferred treatment of
SMM. Additionally, subgroup analysis was conducted
on high-risk patients and on different types of treat-
ment in order to balance benefits and risks of these
vulnerable patients and to identify the most appropriate
therapy.

Methods

This research was carried out according to the Preferred
Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) guidelines."

Search strategy

PubMed, EMBASE, Medline, Cochrane, and ClinicalTrials.
gov databases were independently searched by two investi-
gators from January 1990 to March 2019, using synonyms
of keywords “smoldering multiple myeloma”, “asympto-
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matic multiple myeloma”, “early stage multiple myeloma”,
“progression”, “death”, “survival”, “response”, and “safety”.
Language was limited to English. There was no restriction of
country, gender, or race. Reference lists of candidate studies

were also screened.

Inclusion/exclusion criteria

RCTs comparing early treatment with deferred treatment
of SMM were eligible for this analysis. SMM patients
were included altogether with or without risk stratifica-
tions. No previous treatment had been provided for these
SMM patients. Early treatment was started immediately
after SMM diagnosis. Deferred treatment was initiated
after progression to symptomatic MM. The primary out-
come was progression. Secondary outcomes were mortal-
ity, response and safety. Mortality was examined from
randomization to all-cause death. Response was assessed
by objective response rate. Studies were excluded if (i)
they were cohort studies, case reports, case series, cross-
sectional studies, letters, reviews, short surveys, or editor-
ials; (ii) they only compared two different dosages of the
same early treatment instead of comparing early treatment
with deferred treatment.

Data extraction

Two investigators independently examined titles and
abstracts for promising candidate studies, screened the
full texts and subsequently the reference lists. They inde-
pendently extracted data according to a preliminarily
designed Microsoft Excel spreadsheet. Collected data
included first author, publication year, participants, sample
size, definition of early and deferred treatment, follow-up,
and outcome. A third investigator resolved disagreement if
unsolved after discussion. Efforts were made to contact
corresponding authors of candidate studies to obtain more
detailed information and to gain insight into further pro-
gress on the subject.
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Quality assessment

Two investigators managed quality evaluation indepen-
dently of candidate studies. All included RCTs underwent
evaluation with the help of Cochrane Collaboration’s tool
to examine risk of bias. Any disagreement was settled by
a third investigator. Studies with two high-risk aspects
were considered to have moderate risk of bias. Those
with four or more high-risk aspects were considered to
have high risk of bias.

Statistical analysis

Review Manager 5.3 (Cochrane Collaboration) was uti-
lized to conduct this meta-analysis. The pooled risk ratios
(RRs) of dichotomous data were calculated by the Mantel-
Haenszel method. If more than one effect measure was
available, the most thoroughly adjusted effect measure
considering potential confounders was  adopted.
Heterogeneity was assessed utilizing Higgin’s I statistic.
Significant heterogeneity existed in included studies with
P>50%, and random effects models were utilized.
Otherwise, fixed-effects models were utilized. Subgroup
analyses and sensitivity analyses were carried out when
significant heterogeneity was found. Effects were consid-

ered significant when P<0.05.

258 of records

identified through
database

searching

204 of records retrieved for
more details screening

Results

Description of studies and risk of bias

A total of 258 studies were identified from database searching.
Eight RCTs involving 885 SMM patients were finally
included in the meta-analysis (Figure 1), including 3 studies
on MP, 2 studies on bisphosphonates, 2 on IMiDs, and 1 on
siltuximab.''™'*1¢2° The main features of the eight studies
are summarized in Table 1. Six of the eight studies were open-
label, leading to a high risk of performance and detection bias.
In terms of overall risk of bias, all studies had mild to
moderate risk, with no study at high risk of bias (Figure S1).

Progression

In progression evaluation, seven studies, 797 (early treat-
ment, n=401; deferred treatment, n=396) patients were con-
sidered. Considering all the different treatments included in
this study, progression was significantly reduced with early
treatment compared with deferred treatment (RR =0.53, 95%
CI 0.33-0.87, P=0.01). However, significant heterogeneity
existed (I’=86%), probably due to the different types of
therapy. Subgroup analysis was conducted by sorting accord-
ing to treatment type. MP (RR =0.22, 95%CI 0.08-0.64,
P=0.005) and IMiDs (RR =0.43, 95%CI 0.31-0.59,
P<0.00001) had a significant suppressive effect on

54 duplicates removed l

177 studies excluded after title
and abstract screening

27 of records
screened for
further full text
review

19 of records excluded
(not RCT=13,different comparison=5,

without available data=1)

8 studies included
in meta-analysis

Figure | Study flow diagram.
Abbreviation: RCT, randomized controlled trial.

Cancer Management and Research 2019:11

submit your manuscript

5601

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Zhao et al

-9qedijdde 30U ‘YN Yauow ‘W {[BAIAINS [[BIIAO ‘SO ‘Uoissaidoud 01 swn ¢ | ‘ewojaAw a|dnjnw Suliapjows ‘NS ‘[BAIAINS 93J)-uoissaSoud ‘S{d 91 asuodsa. 9ANI3IGO “YYO UsWIBDI PSP ‘J UsWIEaA] A|Jed ‘T iSUolBIARIqQY

(r8-t9)TL @
asdeja. ‘Aueasow ‘asuodsau o1 awi| w (VN-9¢) 09 | duosiupaad snid ueeydjaly (l6-th)1L 3 sTast3 WIWS | €661 ¢ Y0lH
Ajersow ‘uoissauso.y VN | suosiupaud snid uejeydjs}y VN o A ‘8€ 3 WIWS | +661 | o !P1eadry
(s8-€£)89 @
WYO “Aujeriow ‘uoissa.doug w (6€1-09) §9 | duosiupaud snid ueeydjaly (88-6€)69 3 0,a:'sL3 WIWS | 000T | ,!P4eaary
(r8-t¥)L9 @
uolssau3o.d 1e s3usAs padejad-|eIs|dys ‘A1ases ‘Aaljeriow ] | w (7/-9€) L'¥9 p1oe dluoupsjoz (Z8-1%)99 3 1 XeHEE] WIWS | 800T 0z®¥"W
(98-96)v9 @
uolssaJ3o.d 1 s3usAs paaejad-|eIs|dys ‘A1sjes ] | w 09< jeUOIplwed (08-20)¥9 3 88 d ‘68 3 WIS 110T | ¢ Busdv.A
pIoE U (08-L¥)€9 @
A1ajes “YYO ‘SO dLL w (96-81) 1£ | -o4pajoz snid apiwopijey | (¥8-L¥)€9 3 €€Qseq WIWS | €107 | g83M
suoseyiawexsp (08—9¢)59 @
Aiajes “YYO “Aujeiow 41 | w (58-£9) SL sn|d aplwopieus (68-6€)19 3 19A:4S3 | WWSIsH-Y3iH | 9107 | , sosel
a1e. Joredipul F8-1029 @
aseasip anissaJ50.d ‘qewixmyis 01 salpoqnue K1ajes ‘A1iErIoW ‘Sid w 6T qewixna|is ¥8-19079 3 WAEhd | WWSIHSH-Y3IH | 610T | o,uoysug
awo3no dn-mojjo4 juswiyead) Ajieg ady N | sjuedpnaeyq | 4esp | Joyny

salpnas papnjaul jo uondldsaq | 3|qeL

Cancer Management and Research 2019:1 |

submit your manuscript

5602

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Zhao et al

Early treatment  Deferred treatment Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Random. 95% CI Year M-H, R 95% Cl
6.1.1 MP
Riccardi 1994 4 34 12 40 10.4% 0.39[0.14, 1.10] 1994
All SMM  Riccardi 2000 5 72 34 66 11.9% 0.13[0.06, 0.32] 2000 -
Subtotal (95% CI) 106 106 22.3% 0.22 [0.08, 0.64] .
Total events 9 46
Heterogeneity: Tau?=0.34; Chi?=2.42, df=1(P=0.12); I*=59%
Test for overall effect: Z=2.80(P = 0.005)
6.1.2 bisphosphonate
All SMM Musto 2008 36 81 37 82 17.7% 0.98 [0.70, 1.39] 2008 na
All SMM D'Arena 2011 56 89 55 88 18.6% 1.01[0.80, 1.26] 2011 T
Subtotal (95% Cl) 170 170 36.2% 1.00 [0.83, 1.21] ®
Total events 92 92
Heterogeneity: Tau?=0.00; Chi?=0.01, df=1 (P=0.92); I’<0%
Test for overall effect: Z=0.00 (P=1.00)
6.1.3 IMiD
All SMM  Witzig 2013 5 35 15 33 11.8% 0.31[0.13,0.77] 2013 -
High-risk SMM  Mateos 2016 22 57 53 62 17.7% 0.45[0.32, 0.64] 2016 -
Subtotal (95% CI) 92 95  29.4% 0.43[0.31, 0.59] L 4
Total events 27 68
Heterogeneity: Tau?=0.00; Chi2=0.58, df=1 (P=0.45); >=0%
Test for overall effect: Z=5.15 (P<0.00001)
6.1.4 monoclonal antibody
High-risk SMM  Brighton 2019 8 33 7 25 12.0% 0.87[0.36, 2.07] 2019 —
Subtotal (95% Cl) 33 25 12.0% 0.87 [0.36, 2.07] -
Total events 8 7
Heterogeneity: Not applicable
Test for overall effect: Z=0.32(P=0.75)
Total (95% Cl) 401 396 100.0% 0.53 [0.33, 0.87] L 4
Total events 136 213
ity ~0.32: Chi= =6 (P= . 12=869 [ + + J
T 02 G 148,05 (Foagsson oo R R
Test for subgroup differences: Ch?=25.33, df=3 (P=0.0001); ’=88.2% Favours [early) Favours [defarred]
Figure 2 Progression in overall SMM patients.
Abbreviations: MP, melphalan-prednisone; IMiD, immunomodulatory drug; SMM, smoldering multiple myeloma.
Early treatment  Deferred treatment Risk ratio Risk ratio
E -| i 0 " - o
5.1.1 MP
All SMM  Hjorth 1993 17 25 12 25 12.3% 1.42[0.87,2.31] 1993 ™
All SMM  Riccardi 1994 6 34 12 40 11.3% 0.59[0.25, 1.40] 1994 1
All SMM  Riccardi 2000 41 72 35 66 37.3% 1.07 [0.79, 1.45] 2000 :’
Subtotal (95% CI) 131 131 60.8% 1.05[0.82, 1.35]
Total events 64 59
Heterogenetiy: Chi?=3.17,df=2 (P=0.21);?=37%
Test for overall effect: Z=0.40 (P=0.69)
5.1.2 bisphosphonate
All SMM  Musto 2008 3 81 4 82 4.1% 0.76 [0.18, 3.29] 2008 -
Subtotal (95% CI) 81 82 41%  0.76[0.18, 3.29] e
Total events 3 4
Heterogeneity: Not applicable
Test for overall effect: Z=0.37(P=0.71)
5.1.3 IMid
All SMM  Witzig 2013 9 35 9 33  9.5% 0.94 [0.43, 2.08] 2013 '
High-risk SMM  Mateos 2016 10 57 22 62 21.5% 0.49[0.26, 0.95] 2016 -
Subtotal (95% CI) 92 95 31.0%  0.63[0.38,1.04] A 4
Total events 19 31
Heterogenetiy: Chi2=1.52,df=1 (P=0.22);/*=34%
Test for overall effect: Z=1.80(P=0.07)
5.1.4 monoclonal antibody
High-risk SMM  Brighton 2019 3 43 4 42 41% 0.73[0.17, 3.08] 2019 -
Subtotal (95% Cl) 43 42 4.1% 0.73 [0.17, 3.08]
Total events 3 4
Heterogeneity: Not applicable
Test for overall effect: Z=0.42(P=0.67)
Total (95% CI) 347 350 100.0% 0.90 [0.72, 1.12]
Total events 89 98
v ChR= 1 (P= .2=339 ' - f t i
Heterogenetiy: Chi?=8.94,df=1 (P=0.18);/2=33% 0.01 o1 1 10 100
Test for overall effect: Z=0.95(P=0.34) Favours [early] Favours [deferred]
Test for subgroup differences: Chi?=3.42,df=3 (P=0.33);/?=12.4%
Figure 3 Mortality in overall SMM patients.
Abbreviations: MP, melphalan-prednisone; IMiD, immunomodulatory drug; SMM, smoldering multiple myeloma.
Cancer Management and Research 2019:1 | submit your manuscript 5603

Dove


http://www.dovepress.com
http://www.dovepress.com

Zhao et al

Dove

Early treatment  Deferred treatment Risk ratio Risk ratio
_Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
Hjorth 1993 13 25 12 22 14.9% 0.95[0.56, 1.63] 1993
Riccardi 2000 30 75 19 34 30.6% 0.72[0.48, 1.08] 2000
Mateos 2016 45 57 45 53 54.5% 0.93[0.78, 1.11] 2016
Total (95% Cl) 157 109 100.0% 0.87 [0.73, 1.03]
Total events 88 76

Heterogeneity: Chi*=1.57 ,df=2 (P=0.46); I*=0%
Test for overall effect: Z=1.61 (P=0.11)

Figure 4 Therapeutic response in overall SMM patients.
Abbreviation: SMM, smoldering multiple myeloma.

001 04 1 10 100

Favour-s [deferred] Favours [early]

A Progression Early treatment  Deferred treatment Risk ratio Risk ratio
_ Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% CI Year M-H, Fixed, 95% CI
Mateos 2016 22 57 53 62 86.4% 0.45[0.32, 0.64] 2016
Brighton 2019 8 33 7 25 13.6% 0.87[0.36, 2.07] 2019 o/ .
Total (95% ClI) 90 87 100.0%  0.51[0.37,0.70] L 2
Total events 30 60
it Chi2= - =] . 12=479 I t t !
R
est for overall effect;7=4.16 ( . ) Favours [early] Favours [deferred]
B Mortality Early treatment  Deferred treatment Risk ratio Risk ratio
r re Even Total Even Total Weight M-H, Fix: % CI Year M-H, Fix % Cl
Mateos 2016 10 57 22 62 83.9% 0.49[0.26, 0.95] 2016
Brighton 2019 3 43 4 42 16.1% 0.73[0.17, 3.08] 2019 ol
Total (95% CI) 100 104 100.0% 0.53 [0.29, 0.97] <P
Total events 13 26
i Chi2= - ] . 12=009 [ + + {
Heterogeneity: Chi*=0.24,df=1 (P=0.62); 1°=0% 0.01 0.1 1 10 100

Test for overall effect;Z=2.07 (P=0.04)

Figure 5 (A) Progression and (B) mortality in high-risk SMM patients.
Abbreviation: SMM, smoldering multiple myeloma.

progression, while bisphosphonates and siltuximab did not
significantly affect progression (Figure 2). However,
although bisphosphonates did not significantly inhibit pro-
gression, they did significantly reduce skeletal-related events
at progression (RR =0.61, 95%CI 0.47-0.78, P=0.0001)
(Figure S2). When the two studies which only enrolled high-
risk SMM patients were excluded from sensitivity analysis,
progression was still significantly reduced with early treat-
ment compared with deferred treatment for overall SMM
patients (RR =0.49, 95%CI 0.26-0.95, P=0.04).

Mortality

In mortality evaluation, 7 studies, 697 (early treatment,
n=347; deferred treatment, n=350) patients were consid-
ered. No significant difference in mortality was revealed
between early treatment and deferred treatment (RR=0.90,
95%CI 0.72-1.12, P=0.34). Although no significant het-
erogeneity was discovered (/°=33%), subgroup analysis
was still performed in order to explore the impact of
different treatments on mortality. In subgroup analysis,
none of MP, bisphosphonates, IMiDs, or siltuximab sig-
nificantly reduced mortality of SMM (Figure 3). In

Favours [early] Favours [deferred]

sensitivity analysis which excluded the two high-risk
SMM studies, mortality of overall SMM patients was
still unaffected by early treatment (RR=1.02, 95%CI
0.81-1.30, P=0.85).

Response

Three studies including 266 patients (early treatment,
n=157; deferred treatment, n=109) were evaluable for
response rate. No significant difference in response rate
was found between early treatment and deferred treatment
(RR=0.87, 95%CI 0.73-1.03, P=0.11), as shown in
Figure 4. No heterogeneity was identified (°=0%).

High-risk SMM
Since high-risk SMM patients are more vulnerable to
progression to MM, subgroup analysis of studies enrolling
high-risk SMM patients was conducted. Two studies were
evaluable, involving lenalidomide and siltuximab. Both
progression (RR=0.51, 95%CI 0.37-0.70, P=0.0001) and
mortality (RR=0.53, 95%CI 0.29-0.97, P=0.04) were sig-
nificantly suppressed by early treatment in comparison to
deferred treatment. Mild heterogeneity (I°=47%) was
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identified in progression, while no heterogeneity (=0%)
was discovered in mortality (Figure 5).

Adverse events

Various treatment approaches were included in our study,
leading to different safety profiles. Granulocytopenia,
thrombocytopenia, nausea, neurotoxicity, and acute leuke-
mia were reported with early MP treatment. Side effects
were rarely seen with bisphosphonates, which mainly
included symptomatic hypocalcemia and fever. Adverse
events were frequent with thalidomide, including periph-
eral neuropathy, skin rash, constipation, and asthenia.
Lenalidomide was reported to be associated with infection,
asthenia, neutropenia, skin rash, and second primary
malignancies (SPMs). Infection and urinary disorders
were reported with both siltuximab and placebo. Of the
multiple adverse events reported in different studies, infec-
tion, constipation, asthenia, and SPMs were evaluable for
meta-analysis. No significant difference in infection or
asthenia was found between early treatment and deferred
treatment. However, constipation was significantly more
frequent with early treatment than with deferred treatment
(RR=4.42, 95%CI 2.14-9.12, P<0.0001), which was
reported with both thalidomide and lenalidomide.
Furthermore, SPM, reported with MP and lenalidomide,
was also significantly increased with early treatment com-
pared with deferred treatment (RR=4.13, 94%CI
1.07-15.97, P=0.04). No significant heterogeneity was
found (Figure S3).

Discussion

The current watchful waiting strategy of SMM management
is probably attributable to unimproved survival and
response rates as well as noticeable toxicities associated
with early treatment. In the 1990s, early treatment of
SMM mainly focused on MP. Three RCTs compared early
MP treatment with deferred treatment of SMM patients and
identified no significant difference in response rate or
survival."""!® However, it is unknown whether this lack of
significance was due to the treatment itself or the relatively
limited sample size and follow-up.'* In the 2000s, several
studies explored the effect of bisphosphonates on progres-
sion and response rate of SMM patients. Bisphosphonates
showed no significant effects on progression, except for
a reduction of skeletal-related events at progression.'” '
However, bisphosphonates were reported to possibly cause
osteonecrosis of the jaw, which was considered unaccepta-
ble for SMM patients. As a result, early bisphosphonate

treatment only lasted for one year due to -ethical
consideration.'”*® IMiDs were subsequently investigated.
It was reported that thalidomide triggered a mild response
without significant promotion of 0S.**** Adverse events
associated with thalidomide were obvious, causing one-
third of SMM patients to give up treatment early.'® The
relatively high dropout rate could possibly affect the out-
come. No risk stratification of SMM patients was conducted
in the studies above. The first RCT which examined early
treatment in high-risk patients was conducted by Mateos
et al.'”* In this study, lenalidomide significantly extended
time to progression and OS of high-risk SMM patients with
tolerable safety. Moreover, early siltuximab treatment of
high-risk SMM patients resulted in an insignificant
improvement of 1-year PFS (siltuximab group 84.5%, pla-
cebo group 74.4%). The insignificance was at least in part
due to the relatively small sample size and short follow-up.

Our study indicated that early treatment could signifi-
cantly slow progression of all SMM patients, and this
remained significant whether the studies enrolling high-
risk SMM patients were included or excluded. According
to subgroup analysis, the beneficial effect on progression
was mainly attributable to MP and IMiDs. Neither survi-
val nor response rate was improved by early treatment.
However, the insignificance of mortality should be inter-
preted with caution, because treatments after progression
were not entirely comparable, mainly due to different age
and different
Furthermore, MM treatment has been developing over

of patients time to progression.
the years. The heterogeneous treatment after progression
could have influenced the effect on survival. Further
studies which could better unify post-progression treat-
ment are required to confirm this phenomenon. In terms
of overall SMM patients, our study was consistent with
two previous meta-analyses.'*?¢ Since studies commonly
used MP treatment at that time, He et al/ could only
include MP as their early treatment.'* Considering the
huge progress in multiple treatment options nowadays,
our study was able to include more comprehensive treat-
ment options apart from MP, such as bisphosphonates,
IMiDs,
included a larger sample size of 697 SMM patients in

and monoclonal antibodies. Moreover, we
mortality analysis, and thus could more reliably investi-
gate any difference in mortality. Gao et al included MP or
IMiDs as their early treatment.”® As for early lenalido-
mide treatment, only a first analysis of the QuiRedex
study was published and available at that time.”> Our

study not only included more treatment approaches but
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also updated the study on lenalidomide by including
a second analysis with a longer follow-up,'” leading to
a more comprehensive and reliable analysis.

In terms of high-risk SMM patients, both progression
and mortality were significantly reduced by early treat-
ment, indicating that early treatment using lenalidomide
or siltuximab might slow progression and extend survival.
Although the results are inspiring, they need to be inter-
preted with caution, because only two trials comparing
early treatment with deferred treatment of high-risk
SMM patients have been published and included in this
meta-analysis currently. Only the study of Mateos proved
significant benefit of early treatment in high-risk patients,
while the impact of early treatment on high-risk patients
seemed insignificant in the study of Brighton et al, whose
sample size and follow-up were relatively limited. The
significance of the overall effect could arise from the
enlarged overall sample size, the effect of study of
Mateos et al, and the nature of early treatment in high-
risk patients. The number of studies on high-risk patients
is limited. More RCTs on high-risk patients are needed to
draw a more reliable conclusion. Moreover, they have
different definitions of high risk. Mateos et al defined
high risk as either BMPC >10% or monoclonal evidence
(IgG >3 g/dL or IgA >2 g/dL or Bence Jones proteinuria
>1 g/24 hrs), plus aberrant plasma cells >95% in the
BMPC compartment with immunoparesis.'” Brighton
et al defined high risk as BMPC >10% and serum mono-
clonal protein >3 g/dL.'® The two trials started their
recruitment in 2012 and 2007, respectively, which was
before the reclassification of SLiM SMM into MM by
the IMWG in 2014.%” Consequently, they might have
included those ultra-high-risk SLiM patients. We carefully
searched the two trials for possible SLiM MM patients. In
the trial by Mateos et al, serum-free light chain and MRI
were not planned during the trial design. In terms of
BMPC, only one patient had BMPC >60%. Only one
SLiM MM patient was included in the study of Mateos
et al. Brighton et al conducted a post-hoc analysis which
removed SLiM MM patients from high-risk SMM patients
when investigating progression. However, no further
details were provided on mortality. So we included only
truly high-risk SMM patients in progression analysis, but
had to include a minority of SLiM MM patients during
mortality analysis. The conclusions, especially those on
mortality, should be interpreted with caution. Although
only a tiny fraction of included high-risk SMM patients
were actually SLiM MM patients, we were still unable to

figure out whether the new classification of SLiM MM
could influence our results. A number of trials investigat-
ing early treatment of SMM with the new definition are
ongoing, which will provide further information on early
intervention of high-risk SMM patients (Table S1).

With regard to safety, there was no significant differ-
ence in the incidence of infection or asthenia between the
two arms. However, constipation and SPM were signifi-
cantly increased with early treatment. Although many
trials have reported the occurrence of SPM in treating
SMM patients, our study is the first meta-analysis to
demonstrate the significance of this phenomenon. The
trend toward increasing SPM in the early treatment
group should be interpreted with caution. Further studies
with longer follow-up are required to confirm this phe-
nomenon. The studies evaluable for SPMs in our analysis
adopted MP or lenalidomide as early treatment, which was
consistent with previous studies investigating SPMs
in MM patients. The incidence of SPM increased
when MM patients received lenalidomide maintenance
following high-dose melphalan, but the risk of dying
from MM exceeded the risk of dying from SPMs.*® In
terms of SMM patients, risks and benefits of early treat-
ment need to be balanced.

Since progression and mortality of high-risk SMM
patients were significantly suppressed by early treatment,
high-risk patients could benefit from early treatment using
lenalidomide with appropriate management and alert of
SPMs. High-risk patients might possibly benefit from siltux-
imab, but trials with larger sample size and longer follow-up
are required to confirm its effect. Because early treatment
did not translate into benefit to survival or response rate of
overall SMM patients but brought about various side effects,
low-risk and intermediate-risk SMM patients might continue
to receive watchful observation, conforming to the current
standard care of SMM. All SMM patients are encouraged to
participate in clinical trials.

This is the first meta-analysis to investigate the effects
and side effects of early treatment on high-risk SMM
patients. There are also some limitations in our study. First,
the number of included studies, especially studies of high-
risk SMM patients, is small. Treatment of MM commonly
relies on proteasome inhibitors and IMiDs, but trials which
investigate proteasome inhibitors for the early treatment of
SMM are still ongoing. The risks and benefits of early
treatment in high-risk patients will be better elucidated
with a larger sample size. Second, with the various risk
models identified in SMM, the definition of high risk varies
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from study to study. Since the published studies exploring
high-risk SMM were initiated before the proposal of
SLiM MM in 2014, they could have included these ultra-
high-risk SLiM patients in the group of high-risk SMM
patients, which could possibly affect our results of high-
risk SMM. Furthermore, since the safety profiles of different
treatments vary from one to another, it is difficult to meta-
analyze all reported adverse events. Only infection, asthenia,
constipation, and SPMs are evaluable. Future studies explor-
ing different interventions in high-risk SMM patients are
needed. It is also necessary to unify risk models in order to
better manage SMM patients in the future.

Conclusion

In conclusion, our study reveals that high-risk SMM patients
could benefit from early treatment in reducing progression and
mortality. Lenalidomide could serve as a promising treatment
choice, but treatment-related constipation and SPMs should be
managed with caution. In terms of low-risk and intermediate-
risk SMM patients, progression could be reduced by early
treatment, but there is inadequate evidence that mortality
could be reduced. The number of included RCTs is limited,
and future studies which unify risk models with larger sample
size are needed to confirm the conclusion.

Abbreviation list

SMM, smoldering multiple myeloma; MM, multiple mye-
loma; RCT, randomized controlled trial; RR, risk ratio; CI,
confidence interval, BMPC, bone marrow plasma cell;
IMWG, International Myeloma Working Group; MRI,
magnetic resonance imaging; PFS, progression-free survi-
val; OS, overall survival; MP, melphalan-prednisone;
PRISMA, Preferred Reporting
Reviews and Meta-analysis; IMiD, immuno-modulatory

Items for Systemic
drug; SPM, second primary malignancy; SLiM, bone mar-
row plasma cell > Sixty percent, involved: uninvolved free
Light chain ratio>100, >1 focal lesion on Magnetic reso-
nance imaging.
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The datasets analyzed during the current study will be
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Figure S2 Skeletal-related events of overall SMM patients at progression.
Abbreviation: SMM, smoldering multiple myeloma.

Cancer Management and Research 2019:1 | submit your manuscript 5609
Dove


http://www.dovepress.com
http://www.dovepress.com

Zhao et al Dove
A Infection
Early treatment  Deferred treatment Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Ran M-H, Ran
Mateos 2016 29 60 14 63 62.7% 2.17 [1.28, 3.70] 2016
Brighton 2019 5 43 6 42 37.3% 0.81[0.27, 2.46] 2019
Total (95% CI) 103 105 100.0% 1.51[0.59, 3.84]
Total events 34 20

Heterogeneity: Tau?=0.29; Ch?=2.47, df=1 (P=0.12); ’=60% y
Test for overall effect: Z=0.86 (P=0.39)

0.01

0.1 1 10 100
Favours [early] Favours [deferred]

Risk ratio
M-H. Random

B Asthenia
Early treatment  Deferred treatment Risk ratio
Even Total Even i M-H, Ran
Witzig 2013 27 35 20 33 63.0% 1.27[0.92, 1.77] 2013
Mateos 2016 15 60 6 63 37.0% 2.63[1.09, 6.32] 2016
Total (95% CI) 95 96 100.0% 1.66 [0.77, 3.59]
Total events 42 26

Heterogeneity: Tau?=0.22; Chi?=2.89, df=1 (P=0.09); 1>=65% :
Test for overall effect: Z=1.30 (P=0.20)

C Constipation

Early treatment  Deferred treatment Risk ratio

0.01

0.1 1 10 100
Favours [early] Favours [deferred]

Risk ratio

Witzig 2013 22 35 6 33 864%  3.46[1.61,7.45] 2013 ——
Mateos 2016 10 60 1 63 13.6% 10.50[1.39,79.55] 2016 —_—
Total (95% Cl) 95 96 100.0%  4.42[2.14,9.12] -
Total events 32 7

ity: Chi= —1 (P=0.30): 2=9° | " | } |
Heterogeneity: Chi?=1.09, df=1 (P=0.30); *=9% Y P 3 i 330

Test for overall effect: Z=4.02 (P<0.0001)

D second primary malianancy

Early treatment  Deferred treatment Risk ratio

A otd N Otld vi-I X

Favours [early] Favours [deferred]

o Liele gn a 0 ea
Hjorth 1993 2 25 0 25 19.7%  5.00[0.25,99.16] 1993 -
Riccardi 1994 0 34 0 40 Not estimable 1994
Riccardi 2000 2 72 1 66 41.2% 1.83[0.17, 19.75] 2000 L
Mateos 2016 6 62 1 63 39.1%  6.10[0.76, 49.18] 2016 n L
Total (95% Cl) 193 194 100.0%  4.13[1.07, 15.97] i
Total events 10 2
. e o (D= . =09 b } } f
Heterogeneity: Ch?=0.60, df=2 (P=0.74); ’=0% 0.01 01 1 10 100

Test for overall effect: Z=2.05 (P=0.04)

Figure S3 (A) Infection, (B) asthenia, (C) constipation, and (D) second primary malignancy in overall SMM patients.
Abbreviation: SMM, smoldering multiple myeloma.
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Table S| Ongoing clinical trials of early treatment in SMM patients
NCT Design Arm(s) N | Participants Current Expected
number status date
NCTO02916771 | Phase Il single-arm Ixazomib+LD 28 High-risk Recruiting 2020-04
NCTO02903381 | Phase Il single-arm Nivolumab+LD 41 High-risk Suspended 2020-06
NCTO02279394 | Phase Il single-arm Elotuzumab+LD 51 High-risk Active 2020-01
NCT03301220 | Phase Ill RCT Daratumumab SC vs monitoring 360 | High-risk Recruiting 2021-12
NCTO02415413 | Phase Il single-arm Carfilzomib+LD 90 High-risk Active 2020-05
NCTO02943473 | Phase Il single-arm Ibrutinib 36 High-risk Recruiting 2023-12
NCT01484275 | Phase Il RCT Siltuximab vs placebo 87 High-risk Active 2019-08
NCT03236428 | Phase Il single-arm Daratumumab 40 Low-risk Recruiting 2020-08
NCT02697383 | Phase | single-arm Ixazomib+D 14 High-risk Active 2019-02
NCT03289299 | Phase Il single-arm Carfilzomib+Daratumumab+LD 83 High-risk Recruiting 2022-06
NCT02886065 | Phase | controlled PVX-410+Citarinostat vs PVX-410 20 High-risk Recruiting 2021-05
+Citarinostat+L
NCT02603887 | Phase | single-arm Pembrolizumab 13 Intermediate- and Active 2020-07
high-risk
NCTO01169337 | Phase Il/lll RCT L vs observation 180 [ High-risk Active 2020-03
NCTO03631043 | Phase | single-arm Personalized vaccine 30 | Intermediate- and Not yet 2022-09
high-risk recruiting
NCT02784483 | Phase | single-arm Atezolizumab 20 High-risk Suspended 2018-12
NCT03673826 | Phase Il RCT Carfilzomib+LD vs LD 120 | High-risk Not yet 2025-10
recruiting
NCT02960555 | Phase Il single-arm Isatuximab 6l High-risk Recruiting 2022-02
NCTO01572480 | Phase Il single-arm Carfilzomib+LD 53 High-risk Recruiting 2022-06
NCTO03591614 | Phase | single-arm DKKI vaccine 18 NA Not yet 2019-08
recruiting
NCT02492750 | Phase I/ll RCT LD+anakinra vs LD+placebo 120 [ High-risk Suspended 2020-07
Abbreviations: SMM, smoldering multiple myeloma; L, lenalidomide; D, dexamethasone; RCT, randomized controlled trial.
Cancer Management and Research Dove

Publish your work in this journal

Cancer Management and Research is an international, peer-reviewed
open access journal focusing on cancer research and the optimal use of
preventative and integrated treatment interventions to achieve improved
outcomes, enhanced survival and quality of life for the cancer patient.

Submit your manuscript here: https://www.dovepress.com/cancer-management-and-research-journal

The manuscript management system is completely online and includes
a very quick and fair peer-review system, which is all easy to use.
Visit http://www.dovepress.com/testimonials.php to read real quotes
from published authors.

Cancer Management and Research 2019:11

submit your manuscript

Dove

5611


http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

