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Aim: We aimed to identify variables that affect the prognosis and treatment effect in multiple
myeloma (MM). Materials & methods: Published literature of randomized controlled trials (RCTs) and
population-adjusted indirect comparisons (PAICs) in newly diagnosed (ND) and relapsed/refractory (RR)
MM populations reporting overall survival (OS) and progression-free survival (PFS) were identified.
Possible treatment effect modifiers (TEMs) were evaluated based on the ratio between effect estimates
of different strata within subgroups for OS and PFS among eligible RCTs. Potential prognostic factors
(PFs) were identified using the lists of covariates adjusted for in PAICs meeting the eligibility criteria.
Results: Sixty-five RCTs and 59 PAICs were included for synthesis. In ND-MM and RR-MM patients, age,
sex, International Staging System stage, and cytogenetics were identified as potential TEMs for PFS based
on data from published RCTs. Refractory disease, prior therapy exposure status and creatinine clearance
were additional TEMs for PFS in RR-MM patients. Eastern Cooperative Oncology Group performance score
and creatinine clearance were TEM candidates of PFS for ND-MM stem-cell transplant-ineligible patients.
No consistent TEMs for OS were identified across all MM populations. Commonly adjusted variables for
both OS and PFS in published PAICs of all populations aligned with potential TEMs of PFS identified in
published RCTs. Additionally, subtype of MM, time since diagnosis and extramedullary disease or presence
of plasmacytoma were common variables for adjustment in PAICs evaluating RR-MM. Frequency of each
variable adjusted for differs by population and outcome. Only one PAIC reported TEMs separately from
PFs. Conclusion: TEMs and PFs identified herein can help inform future clinical trial design and serve as a
primer when conducting PAICs evaluating OS and PFS in ND/RR-MM.

Plain language summary: identification of patient characteristics that affect treatment effectiveness in
multiple myeloma

What is this article about? Multiple myeloma (MM) is a cancer of the blood that has remained an incurable
disease. Rapid technological advances have introduced numerous new therapeutic classes that improve
survival. Randomized controlled trials (RCTs) are the gold standard study. However, complex treatment
landscapes can pose practical challenges in directly comparing the effectiveness of novel regimens against
all available standard of care drug regimens in head-to-head clinical trials. In the absence of head-to-
head RCT data, indirect treatment comparison (ITC) is another way to compare the relative effectiveness
of alternative treatments that have been studied in separate clinical trials. Prior to conducting RCTs and
ITCs, patient characteristics that may affect outcomes or influence the magnitude of the treatment effect
should be identified. Reviews of publications across multiple MM populations were conducted to identify
such patient characteristics.
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What were the results? Ten characteristics related to patient demographics, disease severity, prior
therapy exposure and laboratory values were considered likely to influence treatment effectiveness across
different MM populations.

Why is this important? Results from this research can help inform future ITCs and clinical trials in MM.

Shareable abstract: This review synthesizing effect modifiers and prognostic factors across different MM
populations for survival endpoints can help inform which variables to report in subgroup analyses, or to
be considered as stratification factors in trial design or to adjust for in future indirect comparisons.

First draft submitted: 12 December 2024; Accepted for publication: 8 July 2025; Published online:
12 August 2025

Keywords: literature review e multiple myeloma e population-adjusted indirect comparisons e prognostic factors
e treatment effect modifiers

Multiple myeloma (MM) is a hematological cancer resulting in the overproduction of abnormal monoclonal protein
by malignant plasma cells (1]. Globally, MM accounts for approximately 1.8% of all cancers, and overall incidences
have been increasing from 160,000 [2] in 2018 to 187,952 (3] in 2022. Although rates of mortality involving MM
have improved since the introduction of targeted therapies over the past 20 years, MM remains an incurable disease
with an overall 5-year relative survival rate of 62.4% (4].

Several treatments focused on increasing response rates, and prolonging progression-free survival (PFS) and
overall survival (OS) are available. Therapeutic options recommended by the National Comprehensive Cancer
Network (NCCN), the European Hematology Association (EHA) and European Society for Medical Oncology
(ESMO) vary depending on whether patients are newly diagnosed (ND) and hematopoietic stem-cell transplant
eligible (TE) or ineligible (TIE), or are relapsed or refractory (RR) and have received at least 1 prior treatment
regimen (1PL) or have been triple-class exposed (TCE) to proteasome inhibitors (Pls), immunomodulatory drug
(IMiD) and anti-CD38 monoclonal antibodies (mAbs) [1,5-7]. While regimens consisting of these three main
treatment classes have remained the preferred therapy, rapid technological advances have introduced other novel
therapeutic classes such as chimeric antigen T-cell therapies, bispecific antibodies, monoclonal antibody-drug
conjugates, peptide-drug conjugates and selective inhibitors of nuclear compounds within the past 5 years into the
MM treatment landscape, increasing the complexities in healthcare decision-making [1,5,6,8].

Randomized controlled trials (RCTs) evaluating direct or head-to-head treatment comparisons are considered the
highest quality of evidence to inform MM treatment guidelines. However, it is not feasible to conduct head-to-head
comparisons for all relevant therapies in RCTs, particularly in MM where multiple drug regimens are preferred.
In the absence of such RCTs, indirect treatment comparisons (ITCs) can serve as a valuable resource to provide
insights into comparative clinical-effectiveness versus existing therapy options [9].

Validity of traditional unadjusted ITC estimates rely on the assumption that populations for comparison have
homogenous distributions of outcome-influencing covariates [10]. Such covariates can be either treatment effect mod-
ifiers (TEMs) that affect the effectiveness of a treatment on an outcome, or prognostic factors (PFs) that affect out-
comes regardless of intervention [11]. In cases where imbalances in TEMs or PFs exist, traditional unadjusted ITCs,
such as Bucher’s or network meta-analyses that rely strictly on aggregate-level data, may yield inaccurate estimates
and thus threaten external validity [11,12]. When individual patient data (IPD) are available, population-adjusted
indirect comparisons (PAICs), such as matching-adjusted indirect comparisons (MAICs) [11,13,14], propensity score
matching (PSMs) [15], and inverse probability of treatment weighting (IPTW) (16}, or multi-level meta-regression
(ML-NMR) [17] can be leveraged. Depending on whether the PAIC is anchored by a common comparator arm or
unanchored, TEMs and/or PFs must be accounted for to reduce confounding and selection biases in comparative
estimates [11,13,14]. Thus, it is crucial to ensure TEMs and PFs are accurately identified, and the method of selecting
them should be clearly described and transparent to facilitate external validation.

To date, limited details on the process for selecting appropriate TEMs or PFs have been reported [18,19].
Additionally, of the few publications synthesizing TEMs and PFs in MM populations available [20,21], none
included assessments in patients with NDMM. More recently, at the time when this manuscript was under peer
review, Kumar ez al. [22] reviewed PFs in RRMM based on a physician panel following a systematic literature review.
However, this review had not included NDMM populations or assessed TEM. Hence, the objective of this study
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was to identify and determine key baseline covariates that are potentially TEMs or PFs for OS or PES in patients
with NDMM and RRMM.

Materials & methods

Literature searches, study selection & data extraction

Literature reviews were conducted during April and October 2023 to identify RCTs and PAICs, respectively.
Real-world evidence or observational studies were ineligible because unlike RCTs, the causal effect of treatments on
outcomes cannot be isolated from potential influences of confounding factors. ITC methods which do not adjust
for population characteristics were ineligible because they would not have adjusted for covariates that are considered
potential TEMs or PFs. Populations of interest were selected to align with patient categories delineated in NCCN
and ESMO treatment management guidelines, which include NDMM TE or TIE, RRMM 1PL or TCE 6,7
Outcomes of interest were OS and PFS. Searches of RCTs were performed in PubMed® (inclusive of MEDLINE®
PubMed Central® and Bookshelf citation archives [23]) while searches of PAICs were performed within the Ovid®
platform and included the following electronic databases: Embase, Ovid MEDLINE® (including Epub ahead
of print and In-process and other non-index citations), Ovid MEDLINE® Daily and Cochrane Database of
Systematic Reviews. Search strategies utilized a combination of controlled vocabulary (e.g., ‘multiple myeloma’)
and keywords (e.g., 'RRMM’) (Supplementary Table 1). Vocabulary and syntax were adjusted across databases. For
all searches, language was restricted to English. Abstracts from conference proceedings identified from the literature
searches of RCTs were also included. All search strategies were generated utilizing the Population, Intervention,
Comparator, and Study Design (PICOS) elements (Supplementary Tables 2 & 3).

Additional searches of RCTs were conducted in ClinicalTrials.gov, websites for key conferences (i.e., Amer-
ican Society of Clinical Oncology, American Society of Hematology and EHA), regulatory authorities (US
FDA and EMA) and press releases from drug manufacturers, as well as reference lists of included reviews, while
additional searches of PAICs were conducted in key health technology assessment (HTA) authorities: Canada’s
Drug Agency (CDA, formerly known as Canadian Agency for Drugs and Technologies in Health [CADTH]),
National Institute for Health and Care Excellence (NICE) and Federal Joint Committee (GBA).

After the literature search and removal of duplicate citations using EndNote (Version 20.1 and 20.4; Clarivate,
EndNote, AZ, USA) or Microsoft Excel® (Microsoft Corporation, WA, USA), eligible records were selected for
inclusion through a two-step process in Microsoft Excel. Citations were screened initially at the title and abstract
level, then assessed for eligibility using retrieved full-text reports. At least two reviewers independently screened all
citations, and discrepancies were resolved through consensus or a third independent reviewer. Implementation and
reporting of the literature review was conducted in accordance with the Preferred Reporting Items for Systematic
Literature Reviews and Meta-Analyses (PRISMA) statement [24,25]. Additional details on literature review methods
are provided in Supplementary Appendix A.

Relevant data from citations meeting eligibility criteria were extracted. Data extraction was performed by multiple
reviewers using a specialized electronic data extraction spreadsheet developed in Microsoft Excel. Data of interest
from eligible RCTs included: the trial name, patient eligibility criteria, interventions details, stratum of subgroup
analyses (e.g., strata of <60 and >60 years for the covariate of age) reported, sample size per stratum and treatment
arm, as well as hazard ratios (HRs) and 95% ClIs illustrating relative effects of the investigational treatment versus
control on OS or PFS within the intention-to-treat subgroup stratification. For eligible PAICs, the following
data were extracted: MM population, trials and treatments compared, type of PAICs (e.g., IPTW, PSM, MAIC,
etc.), type of analysis based on the presence or absence of a common comparator in the network of treatments
(e.g., either anchored or unanchored, respectively), covariates used for population-adjustment in either the base-case
or sensitivity analysis and the method(s) leveraged to select them, covariates strata and survival outcomes analyzed
(i.e., OS, PES or both). Additionally, rankings of covariates based on expected clinical importance for adjustment
informed by clinical expert consultations were extracted from published PAICs if available.

Prognostic factor & treatment effect modifier determination
Using HRs and Cls extracted from subgroup analyses reported in RCTs, the likelihood that a covariate is a TEM
for OS or PES was assessed. List of covariates identified in PAICs were then leveraged to validate findings from the
TEM assessment and identify candidate PFs.

Initially, subgroup analyses that are expected to maximize the sensitivity and specificity of assessments were
selected. For each covariate, two extracted strata were chosen to represent the reference and comparator. The
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stratum with the largest sample size was chosen as the reference stratum, while the stratum with the largest
difference in HR to the reference stratum was considered the comparator stracum. Additionally, multiple reference
and comparator pairs were selected if subgroup analyses were available for more than one stratification factor. For
example, within the covariate of cytogenetic risk, strata for presence or absence of deletion in all or part of the short
arm of chromosome 17 (del 17p) were grouped separately from strata for presence or absence of translocations
involving chromosomes 14 and 16 (t [14,16]).

Subsequently, whether a covariate is possibly a TEM was assessed. A covariate was considered as a potential
TEM based on 80% CI (equivalent to p < 0.2) of the ratio between HRs of treatment effect from the comparator
and reference strata of a subgroup analysis [26]. The 80% CI (p < 0.2) was used as the minimum threshold
because subgroup analyses in RCTs were generally underpowered to detect differences at significant level of 0.05.
In addition, the 80% CI was previously used to select potential TEMs in the literature [27].

Evidence of potential TEMs was aggregated by trials and tallied across each covariate. For trials that reported
multiple subgroup analyses for a covariate, either by different stratification factors (i.e., presence or absence of del
17p or t [14,16]), or timepoints (i.e., primary or final survival analysis), and TEM assessments differed between
analyses of different stratifications or timepoints, only one analysis suggesting the covariate is a potential TEM
was included to avoid double-counting the number of trials. The proportions of trials supporting a covariate as
potential TEM was summarized. A covariate was considered as a ‘likely’ TEM if it was supported by at least three
unique RCTs.

Finally, PAICs were reviewed to validate findings from the TEM assessment and identify PFs. According to
methodological guidance, all potential TEMs must be adjusted for in anchored analyses, and all potential TEMs
and PFs must be adjusted for in unanchored analyses [14,28]. Potential TEMs were discerned from potential PFs
under the assumption that the selection of covariates for adjustment in identified PAICs adhered to this guidance.
Thus, covariates identified in both anchored and unanchored PAICs in the current study were considered potential
TEMs, while those identified in only unanchored PAICs were considered potential PFs. Reported data on covariate
selection and/or rankings based on clinical expert opinion were documented from each PAIC.

Results

Treatment effect modifiers identified from RCTs

A total 1895 records were identified from databases, registries and various other sources. After excluding 1739
records that did not meet the prespecified PICOS criteria (Supplementary Table 2), a total of 156 unique records
reporting subgroup analyses were reviewed. From the review, 88 unique records and 65 unique RCTs were included
in the assessment of TEMs (Figure 1). Of these, 36 RCTs were in NDMM, including 15 in TE and 21 in TIE,
while 29 RCTs were in RRMM 1PL (Supplementary Table 4). No RCTs in RRMM TCE reported subgroup
analyses of OS and PFS.

NDMM TE
Of the 15 included RCTs of NDMM TE with subgroup analyses, six reported effect estimates for OS and all 15

reported estimates for PFS.

Subgroup analyses of OS were available for 11 covariates related to patient demographics (age, sex and race),
disease characteristics (Eastern Cooperative Oncology Group [ECOG] Performance Status [PS], International
Staging System [ISS]/revised-ISS [r-ISS] stage, cytogenetic risk and type of MM), baseline laboratory values
(hemoglobulin, lactate dehydrogenase [LDH] and plasma cells) and other patient characteristics (BMI) (Table 1).
None of these covariates met the criteria to be considered likely TEMs (Table 1).

Subgroup analyses of PES were available for 14 covariates related to patient demographics (age, sex and race),
disease characteristics (ECOG PS, ISS/r-ISS stage, cytogenetic risk and type of MM), baseline laboratory values
(creatinine clearance, hemoglobulin, hepatic function, LDH, plasma cells and platelets) and other patient char-
acteristics (BMI). Evidence of TEM at p < 0.2 in at least three unique RCTs was observed for four covariates,
including two related to patient demographics (age and sex) and two related to disease characteristics (ISS/r-1SS
stage and cytogenetic risk) (Table 1).

NDMM TIE

Of the 21 included RCTs of NDMM TIE with subgroup analyses, 10 reported effect estimates for OS and 18
reported estimates for PFS.
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Table 1. Summary of treatment effect modifier determination from randomized controlled trials.

Covariate category Covariate Number of RCTs suggesting covariate is potentially a TEM with >80% confidence over
number of RCTs reporting subgroup analyses for covariate
NDMM TE NDMM TIE RRMM 1PL
0OS (n=6) PFS (n = 15) 0OS (n =10) PFS (n = 18) 0OS (n = 16) PFS (n = 26)
Population demographics Age 2/5 5/12 1/6 a4/11 3/10 5/20
Sex 1/4 3/9 1/4 3/11 2/6 3/10
Race 0/1 0/1 1/3 1/5 2/3 2/10
Region - - 1/3 0/7 3/5 5/8
Disease characteristics ECOG PS 0/1 1/4 0/2 4/9 1/6 2/10
ISS/r-ISS stage 2/5 5/13 0/4 3/11 3/8 5/18
Cytogenetic risk 1/6 8/14 3/8 6/16 4/10 5/26
EMD/plasmacytomas - - - - 0/1 1/1
Time since diagnosis - - - - - 1/1
Type of MM 1/1 1/3 11 1/4 0/1 1/5
Prior treatment history Prior LOTs (n) - - - - 2/9 4/17
Prior line status (i.e., refractory or - - - - 1/5 1/8
relapsed to prior line)
Prior PI - - - - 1/6 2/13
Prior IMiD - - - - 1/6 3/12
Prior SCT - N - - 2/5 2/12
Refractory status - - - - 2/3 1/4
Refractory to PI - - - - 0/1 1/8
Refractory to IMiD - - - - 1/3 5/13
Laboratory values Albumin - - 0/2 0/2 - -
-2 microglobulin - - 2/2 1/3 0/1 0/1
Creatinine clearance - 1/2 2/4 5/10 2/4 4/12
Hemoglobin 0/1 0/2 - - - -
Hepatic function - 0/1 0/1 1/2 0/1 1/4
LDH 0/1 0/4 1/2 2/3 - 0/1
Plasma cells 0/1 0/2 - - - -
Platelets - 0/1 - - - -
Renal function - - - - 0/2 -
Other BMI 0/1 1/1 - - - 0/1
BPI - - - 0/1 - -
Frailty - - 0/1 2/2 - 0/1

Values in bold indicated the associated covariate was considered a ‘likely’ TEM as evidence of TEM at p < 0.2 was identified in at least three unique RCTs.

1PL: One or more prior line; BPI: Brief pain inventory; ECOG PS: Eastern Cooperative Oncology Group performance score; EMD: Extramedullary disease; IMiD: Im-
munomodulatory drug; ISS: International Staging System; LDH: Lactate dehydrogenase; LOT: Line of therapy; MM: Multiple myeloma; NDMM: Newly diagnosed multiple
myeloma; OS: Overall survival; PFS: Progression-free survival; Pl: Proteasome inhibitor; RCT: Randomized controlled trial; r-ISS: Revised International Staging System; RRMM:
Relapsed,/refractory multiple myeloma; SCT: Stem-cell transplant; TEM: Treatment effect modifier; TE: Transplant-eligible; TIE: Transplant-ineligible.

Subgroup analyses for OS were available for 14 covariates related to patient demographics (age, sex, race and
region), disease characteristics (ECOG PS, ISS/r-ISS stage, cytogenetic risk and type of MM), baseline laboratory
values (albumin, B-2 microglobulin, creatinine clearance, hepatic function and LDH) and other patient character-
istics (frailty). Evidence of TEM at p < 0.2 in at least three RCTs was observed for one covariate related to disease
characteristics (cytogenetic risk) (Table 1).

Subgroup analyses for PFS were available for 15 covariates related to patient demographics (age, sex, race and
region), disease characteristics (ECOG PS, ISS/r-ISS stage, cytogenetic risk and type of MM), baseline laboratory
values (albumin, -2 microglobulin, creatinine clearance, hepatic function and LDH) and other patient character-
istics (brief pain index [BPI] and frailty). Evidence of TEM p < 0.2 in at least three unique RCTs was observed for
six covariates, including two related to patient demographics (age and sex), three related to disease characteristics
(ECOG PS, ISS/r-1SS stage and cytogenetic risk) and one related to baseline laboratory values (creatinine clearance)
(Table 1).
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RRMM 1PL

Of the 29 included RCTs of RRMM 1PL with subgroup analyses, 16 reported effect estimates for OS and 26
reported estimates for PFS.

Subgroup analyses for OS were available for 21 covariates related to patient demographics (age, sex,
race and region), disease characteristics (ECOG PS, 1SS/r-ISS stage, cytogenetic risk, extramedullary disease
(EMD)/plasmacytomas and type of MM), prior treatment history (number of prior lines of therapy [LOTs],
prior line status [i.e., refractory or relapsed to prior line], prior PI, prior IMiD, prior stem-cell transplant [SCT],
refractory status, refractory to PI, refractory to IMiD) and baseline laboratory values (3-2 microglobulin, creatinine
clearance, hepatic function and renal function) (Table 1).

Evidence of TEM at p < 0.2 in at least three unique RCTs was observed for four covariates, including two related
to patient demographics (age and region) and two related to disease characteristics (ISS/R-ISS stage and cytogenetic
risk) (Table 1).

Subgroup analyses for PES were available for 24 covariates related to demographics (age, sex, race and region),
disease characteristics (ECOG PS, ISS/r-ISS stage, cytogenetic risk, EMD/ plasmacytomas, time since diagnosis and
type of MM), prior treatment history (number of prior LOTs, prior line status [i.e., refractory or relapsed to prior
line], prior PI, prior IMiD, prior SCT, refractory status, refractory to PI and refractory to IMiD), baseline laboratory
values (-2 microglobulin, creatinine clearance, hepatic function, and LDH) and other patient characteristics (BMI
and frailty) (Table 1).

Evidence of TEM at p < 0.2 in at least three unique RCTs was observed for nine covariates, including three related
to demographics (age, sex and region), two related to disease characteristics (ISS/r-ISS stage and cytogenetic risk),
three related to prior treatment history (number of prior LOTs, prior IMiD and refractory to IMiD) and one
related to baseline laboratory values (creatinine clearance) (Table 1).

Prognostic factors & treatment effect modifiers identified from PAICs

A total of 2146 records were identified from databases and various other sources. After exclusions of 2087 records
using prespecified PICOS criteria (Supplementary Table 3), 59 PAICs were identified for inclusion from 45
publications and 12 HTA submission documents (Figure 2). Of these, 18 PAICs were in NDMM, including eight
in SCT-eligible and 10 in SCT-ineligible, while 41 were in RRMM, including 23 with 1PL and 18 with TCE
(Figure 3). The most commonly identified population adjustment method was MAICs across all populations. Full
breakdown of PAIC methods by population can be found in Supplementary Table 5.

NDMM TE

Eight PAICs for NDMM TE reported in a total of eight PAIC publications/HTA submission documents were
included. Of these, all were unanchored PAICs reporting covariate data for both OS and PFS. Most commonly
adjusted covariates across these eight PAICs were cytogenetic risk, ISS/r-ISS stage, age, sex, type of MM, creatinine
clearance and hemoglobulin levels (Table 2). None of the PAIC publications or HTA submission documents
reported univariate or multivariate analyses assessing prognostic strength between baseline covariates and OS or
PES. All eight PAICs leveraged clinical expert opinion to inform the selection of covariates for adjustment (Table 2).
Of the clinical expert-informed, none reported covariate rankings based on clinical importance.

NDMM TIE

Ten PAICs for NDMM TIE reported in a total of nine PAIC publications/HTA submission documents were
included. Of these, eight were unanchored and only two were anchored PAICs. All PAICs reported covariate data
for PES, while only six reported data for OS additionally. Most commonly adjusted covariates across these 10
PAICs were ISS/1-ISS stage, age, sex, creatinine clearance, cytogenetics risk and type of MM (Table 2). None of the
PAIC publications or HTA submission documents reported univariate or multivariate analyses assessing prognostic
strength between baseline covariates and OS or PFS. Only three PAICs leveraged clinical expert opinion to inform
the selection of covariates for adjustment (Table 2). Of the clinical expert-informed PAICs, none reported covariate
rankings based on clinical importance.

RRMM 1PL

Twenty-three PAICs for RRMM 1PL reported in a total of 23 PAIC publications/HTA submission documents
were included. Of these, all were unanchored analyses reporting covariate data for the outcome of PFS. Only 15
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Table 2. Summary of data from population-adjusted indirect comparisons.

Covariates Evidence pointing to covariate as a potential PF or TEM based on PAICs
oS PFS
PAICs based on model type Clinical expert-informed PAICs based on model type Clinical expert-informed
NDMM TE Anchored Unanchored P.AICs w!"Ch identify 3 Anchored Unanchored Pchs W!"Ch identity a
(n=0) (n=8) covariate as important (n = 8) (n=0) (n=8) covariate as important (n = 8)
Age - 8 8 - 8 8
Sex - 8 8 - 8 8
ECOG PS - 4 4 - 4 4
I1SS/r-ISS stage - 8 8 - 8 8
Cytogenetic risk - 8 8 - 8 8
Type of MM - 6 6 - 6 6
Anemia - 2 2 - 2 2
-2 microglobulin - 2 2 - 2 2
Bone disease - 2 2 - 2 2
Calcium levels - 4 4 - 4 4
Creatinine clearance - 6 6 - 6 6
Hemoglobin - 6 6 - 6 6
LDH - 2 2 - 2 2
Platelets - 4 4 - 4 4
Covariates Evidence pointing to covariate as a potential PF or TEM based on PAICs
oS PFS
PAICs based on model type Clinical expert-informed PAICs based on model type Clinical expert-informed
NDMM TIE Anchored Unanchored P.AICs w!“d' identify > Anchored Unanchored P:AICs W!"Ch identify :
(n=0) (n=6) covariate as important (n = 2) (n=2) (n=8) covariate as important (n = 3)
Age - 6 2 2 8 3
Sex - 6 2 2 8 3
Race - 1 1 2 1 1
Region - 1 1 - 1 1
ECOG PS - 4 1 2 5 2
ISS/r-ISS stage - 6 2 2 8 3
Cytogenetic risk - 4 1 2 5 1
EMD/plasmacytomas - 1 1 - 1 1
Time since diagnosis - 1 - 2 1 -
Type of MM - 4 1 - 5 2
Albumin levels - - - - 1 -
B2-microglobulin - 1 - - 2 -
Calcium levels - 1 1 - 1 1
Creatinine clearance - 5 2 2 7 3
Hepatic function - 1 1 - 1 1
Renal function - 1 - - 2 1
Covariates Evidence pointing to covariate as a potential PF or TEM based on PAICs
oS PFS
PAICs based on model type Clinical expert-informed PAICs based on model type Clinical expert-informed
RRRMM 1PL Anchored Unanchored P.AICs W!"Ch identify Anchored Unanchored PAIC_‘" Wh'Ch_ identify
(n=0) (n = 15) covariate as important (n = 8) (n=0) (n=23) covariate as important
(n=12)
Age - 13 6 - 19 10
Sex - 8 3 - 1 5
Race - 3 2 - 5 2
ECOG PS - 13 7 - 20 11

1PL: One or more prior line; ECOG PS: Eastern Cooperative Oncology Group performance score; EMD: Extramedullary disease; IMiD: Immunomodulatory drug; ISS:
International Staging System; LDH: Lactate dehydrogenase; LOT: Line of therapy; mAb: Monoclonal antibody; MM: Multiple myeloma; NDMM: Newly diagnosed multiple
myeloma; OS: Overall survival; PAIC: Population-adjusted indirect comparison; PF: Prognostic factor; PFS: Progression-free survival; Pl: Proteasome inhibitor; r-ISS: Revised
International Staging System; RRMM: Relapsed/refractory multiple myeloma; SCT: Stem-cell transplant; TCE: Triple-class exposed; TE: Stem-cell transplant eligible; TEM:
Treatment effect modifier; TIE: Stem-cell transplant ineligible.
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Table 2. Summary of data from population-adjusted indirect comparisons (cont.).

Covariates Evidence pointing to covariate as a potential PF or TEM based on PAICs
(013 PFS

PAICs based on model type Clinical expert-informed PAICs based on model type Clinical expert-informed

RRRMM 1PL Anchored Unanchored P.AICs Wh'Ch identify o Anchored Unanchored PAIC_S Wh'd! identify
(n=0) (n=15) covariate as important (n = 8) (n=0) (n=23) covariate as important
(n=12)
ISS/r-ISS stage - 9 5 - 13 8
Cytogenetic risk - 4 3 - 7 5
EMD/plasmacytoma status - - - - 2 -
Time since diagnosis - 10 6 - 18 10
Type of MM - 3 2 - 8 4
LOTs (n) - 15 8 - 19 1
Prior line status - 2 2 - 6 4
(i.e., refractory or relapsed
to prior line)
Prior PI - 7 3 - 9 4
Prior IMiD - 5 3 - 7 4
Prior SCT - 9 5 - 13 8
Refractory status - 1 1 - 1 1
Refractory to Pl - 4 1 - 8 3
Refractory to IMiD - 6 3 - 10 5
Albumin levels 1 - - 1 -
B2-microglobulin - 2 1 - 2 1
Bone lesions/disease 3 2 - 3 2
Creatinine clearance - 4 3 - 10 5
Renal function - 2 - - 2 -
Covariates Evidence pointing to covariate as a potential PF or TEM based on PAICs
oS PFS

PAICs based on model type Clinical expert-informed PAICs based on model type Clinical expert-informed

RRMM TCE Anchored Unanchored PAIC_S Wh'Ch_ identify Anchored Unanchored PAIC:“ Wh'd‘! identify
(n=0) (n=18) covariate as important (n=0) (n=17) covariate as important
(n=12) (n=11)

Age - 17 12 - 16 11
Sex - 17 11 - 16 10
Race - 10 6 - 10 6
ECOG PS - 15 10 - 14 9
ISS/r-ISS stage - 16 10 - 15 9
Cytogenetic risk - 14 9 - 14 9
EMD/plasmacytoma status - 11 6 - 1 6
Time since diagnosis - 15 9 - 14 8
Type of MM - 9 5 - 9 5
Time since progression - 8 4 - 7 3
Average duration of prior - 3 1 - 2 -
LOTs
Prior LOTs (n) - 18 12 - 17 1
Prior line status - 4 4 - 4 4
(i.e., refractory or relapsed
to prior line)
Prior SCT - 13 7 - 13 7
Refractory status - 14 8 - 13 7
Refractory to PI - 6 5 - 6 5
Refractory to IMiD 6 5 - 6 5

1PL: One or more prior line; ECOG PS: Eastern Cooperative Oncology Group performance score; EMD: Extramedullary disease; IMiD: Immunomodulatory drug; ISS:
International Staging System; LDH: Lactate dehydrogenase; LOT. Line of therapy; mAb: Monoclonal antibody; MM: Multiple myeloma; NDMM: Newly diagnosed multiple
myeloma; OS: Overall survival; PAIC: Population-adjusted indirect comparison; PF: Prognostic factor; PFS: Progression-free survival; Pl: Proteasome inhibitor; r-ISS: Revised
International Staging System; RRMM: Relapsed/refractory multiple myeloma; SCT: Stem-cell transplant; TCE: Triple-class exposed; TE: Stem-cell transplant eligible; TEM:
Treatment effect modifier; TIE: Stem-cell transplant ineligible.
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Table 2. Summary of data from population-adjusted indirect comparisons (cont.).

Covariates Evidence pointing to covariate as a potential PF or TEM based on PAICs
os PFS

PAICs based on model type Clinical expert-informed PAICs based on model type Clinical expert-informed

RRMM TCE Anchored Unanchored PAIC,S Whidf Ty Anchored Unanchored PAIC_S WhiCh, kit
(n=0) (n=18) covariate as important (n=0) (n=17) covariate as important
(n=12) (n=11)

Refractory to anti-CD38 - 3 2 - 3 2
mAb
Albumin levels - 3 3 - 2 2
-2 microglobulin - 1 1 - - -
Bone lesions/disease - 1 1 - 1 1
Calcium levels - 1 1 - 1 1
Creatinine clearance - 8 5 - 8 5
Hemoglobulin levels - 6 3 - 6 3
LDH levels - 3 1 - 3 1
Renal function - 1 1 - 1 1

1PL: One or more prior line; ECOG PS: Eastern Cooperative Oncology Group performance score; EMD: Extramedullary disease; IMiD: Immunomodulatory drug; ISS:
International Staging System; LDH: Lactate dehydrogenase; LOT. Line of therapy; mAb: Monoclonal antibody; MM: Multiple myeloma; NDMM: Newly diagnosed multiple
myeloma; OS: Overall survival; PAIC: Population-adjusted indirect comparison; PF: Prognostic factor; PFS: Progression-free survival; Pl: Proteasome inhibitor; r-ISS: Revised
International Staging System; RRMM: Relapsed/refractory multiple myeloma; SCT: Stem-cell transplant; TCE: Triple-class exposed; TE: Stem-cell transplant eligible; TEM:
Treatment effect modifier; TIE: Stem-cell transplant ineligible.

PAICs reported data for OS. Most commonly adjusted covariates across these 23 PAICs were number of prior LOTs,
ECOG DS, age, time since diagnosis, ISS/r-ISS stage, prior SCT, sex, IMiD refractory status, prior P, creatinine
clearance, prior IMiD and PI refractory status and cytogenetic risk (Table 2). None of the PAIC publications or
HTA submission documents reported univariate or multivariate analyses assessing prognostic strength between
baseline covariates and OS or PFS.

Twelve PAICs leveraged clinical expert opinion to inform the selection of covariates for adjustment (Table 2).
Of the clinical expert-informed, only three reported covariate rankings based on clinical importance. Based on
covariate rankings of clinical importance reported in clinical expert-informed PAICs, the most important covariates
in RRMM 1PL, identified in order of importance, appear to be refractorysx status, number of prior LOTs, ISS/r-1SS
stage, creatinine clearance, ECOG PS, cytogenetic risk, time since diagnosis, type of MM, race, $-2 microglobulin,
bone lesions/disease, prior SCT and age (Figure 4A).

RRMM TCE

Eighteen PAICs for RRMM TCE reported in a total of 18 PAIC publications/HTA submission documents
were included. Of these, all were unanchored analyses reporting covariate data for the outcome of OS. Only 17
PAICs reported data for PFS. Most commonly adjusted covariates across these 18 PAICs were number of prior
LOTs, age, sex, ISS/r-ISS stage, ECOG PS, time since diagnosis, cytogenetic risk, refractory status, prior SCT,
EMD/plasmacytoma, race, type of MM, creatinine clearance, time since progression, refractory to PI, refractory to
IMiD and hemoglobulin levels (Table 2). None of the PAIC publications or HTA submission documents reported
univariate or multivariate analyses assessing prognostic strength between baseline covariates and OS or PFS.

Twelve PAICs leveraged clinical expert opinion to inform the selection of covariates for adjustment (Table 2).
Of the clinical expert-informed, nine reported covariate rankings based on clinical importance. Based on rankings
of clinical importance reported in clinical expert-informed PAICs, the most important covariates in RRMM TCE
were disease characteristics, followed by baseline laboratory values and demographics. The following variables were
identified in order of importance in PAICs: refractory status, ISS/r-ISS stage, cytogenetic risk, time to progression
on last LOT, EMD/plasmacytomas, number of prior LOTs, time since diagnosis, age, hemoglobulin levels, LDH
levels, creatinine clearance, average duration of prior lines, prior SCT, ECOG PS, race, sex and type of MM
(Figure 4B).

It is unclear whether each covariate was a PE, TEM or both in these PAICs. However, based on the MAIC of
DREAMM-2 versus STORM part 2 included in the literature review, according to clinical experts, age, ECOG PS,
comorbidities (renal, liver, or frailty index), cytogenetic factors, r-ISS stage, EMD/plasmacytomas, serum B-cell
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maturation antigen levels, number of prior LOTs and refractory status were considered PFs, while cytogenetic
factors, r-ISS stage, number of prior LOTs and refractory status were considered TEMs [29].

Discussion

Complex treatment landscapes in MM pose practical challenges in directly comparing the effectiveness of novel
regimens versus all relevant standard of care regimens using head-to-head clinical trials. In the absence of head-to-
head data, ITC is a way to compare the relative effectiveness of alternative treatments that have been studied in
separate clinical trials. Prior to conducting ITCs, patient characteristics that may affect outcomes or influence the
magnitude of the treatment effect should be identified and adjusted for via statistical methods to minimize bias.
This work aimed to identify potential TEMs on a statistical basis using summary-level data from published RCTs
in MM. A literature review of previously published PAICs in MM was also conducted to validate TEM findings
and explore candidate PFs.

Age, sex, ISS/r-1ISS stage and cytogenetic risk were consistently identified via RCTs as likely TEMs for PFS and
were validated by the augmented review of PAICs in MM across all MM populations evaluated herein. Cytogenetic
risk was also identified as a likely TEM for OS via RCTs in NDMM TIE and RRMM 1PL. Additional covariates of
age, ISS/r-ISS stage and geographical region were identified for RRMM 1PL. Age, ISS/r-ISS stage and cytogenetic
risk were validated as TEMs of OS by the augmented review of PAICs.

TEMSs may vary depending on treatments investigated, MM population or outcome for assessment [6,7]. Patients
with RRMM are known to have worse prognosis compared with those with NDMM due to disease progression, and
similarly between patients with NDMM TIE versus NDMM TE due to comorbidities and other risk factors (6,7].
Hence, the current approach delineated each MM population as per NCCN and ESMO definition and then assessed
TEMs within each subpopulation independently to minimize bias. Additionally, current therapies for MM consist
of regimens composed of drugs with different mechanisms of action [1,5-7). Given the treatment-specific nature of
effect modification, certain covariates may only be consistently identified as a TEM within trials investigating a
specific drug. For instance, age, sex and ISS/r-ISS stage were consistently identified as likely TEMs of PFS across
RCTs in NDMM TE patients investigating the addition of an PI with a corticosteroid or chemotherapy to the
control regimen [30,31], whereas results of the TEM assessment were mixed for the covariates of age and ISS/r-ISS
stage across RCTs evaluating the addition of an anti-CD38 mAb to the control regimen (32-35]. Additionally,
effect modification could be of varying magnitudes within a specific class of drugs. Among RCTs investigating
regimens consisting of the same treatment classes but different drugs across the control and treatment arms, effect
modification was not consistently identified for the same covariate across all RCTs in NDMM TIE [36,37]. Potential
interaction effects may also explain this discrepancy, considering patients with NDMM TIE have comorbidities that
render them ineligible for SCT [1] and no subgroup analyses by comorbidities were available for further evaluation.
Moreover, covariates could have varying additive or multiplicative effect modification [38]. For continuous variables
such as laboratory values, effect modification may have only been detected from subgroup analyses with specific
numerical cut-offs.

In general, the literature review of PAICs validated the TEMs identified from the literature review of RCTs.
The majority of PAICs across all MM populations adjusted for covariates that were identified as likely TEMs of
PES or OS from RCTs. Few discrepancies between covariates identified in PAICs and those identified as potential
TEMs from subgroup analyses in RCTs were noted, apart from covariates related to baseline laboratory values
(e.g., hepatic function and LDH). Overall, published PAICs identified in this review adjusted for a broader pool
of covariates than those identified from RCTs. This could be due to the incorporation of additional covariates
specific to the treatment under investigation and deemed relevant to clinical practice considering covariate selection
for PAICs include statistical ranking to identify PFs based on unpublished IPD and consultations with medical
experts, respectively. Nevertheless, there was a significant overlap between the covariates identified in the PAICs
list and the RCTs lists, primarily with covariates related to patient and disease characteristics. Additionally, certain
covariates adjusted for in published PAICs may potentially be PFs, which were largely indistinguishable from TEMs
in our assessments due to either the lack of differentiation in reporting, or the lack of data to assess whether a
covariate was a PF or TEM from the PAICs. Exceptions to this include the covariates of age, sex, ISS/r-ISS, ECOG
PS, cytogenetic risk, and creatinine clearance, which could potentially be considered PFs since they were adjusted
for in both anchored and unanchored analyses for NDMM TIE. Even though only two anchored analyses were
identified, evidence supporting these covariates as PFs are established in literature (39-45]. Despite some differences
between covariates adjusted for in PAICs and those identified from subgroup analyses in RCTs, the considerable
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overlap across survival outcomes and different MM populations provide evidence that the covariates adjusted for
in published PAICs identified herein could serve as an initial set of potential covariates for adjustment or subgroup
analyses in future PAICS or RCTs, respectively.

While there was overlap in covariates identified for OS versus those identified for PES, there were also a few
discrepancies. The inconsistency across outcomes may primarily be driven by the higher frequency of subgroup
analyses reported in RCTs for PES than for OS. This aligns with findings from another study investigating effect
modification, but solely for the covariates of refractory status and number of LOTs in RRMM [46]. A larger evidence
base for PFS is also expected as PES is an accepted surrogate end point of OS for accelerated regulatory approval of
certain targeted therapies and combination regimens that demonstrate improved survival outcomes (47]. Although
fewer TEMs were identified for OS, it does not preclude other variables as potential candidates for TEM.

Overall, this study had several strengths. Various data sources were leveraged to inform the evidence base,
including both RCT and PAIC study designs which can more reliably capture TEMs and PFs. Searches of
published literature included historical and contemporary data (i.e., since the years 1996 for RCTs and 2013
for PAICs) to ensure the identification of potential TEMs that were more recently identified as an important
risk factor (i.e., EMD/plasmacytomas) in addition to those commonly reported in RCTs evaluating established
therapies. Analysis approaches also consider potential heterogeneity of TEMs within MM. Considering TEMs can
vary by MM population, including a mixed population for TEM assessment may introduce bias. By delineating
each MM population per NCCN and ESMO treatment guideline definitions, and assessing TEMs within each
subpopulation independently, the current approach minimizes uncertainty, allowing the results to be valuable for
diverse stakeholders involved in healthcare decision-making. Assessments of TEM were conducted with established
statistical methods [26,27], and validated iteratively by a panel of statistical experts. Additionally, clinical expert
opinion reported in published PAICs and HTAs were included to inform which covariates might be of greater
clinical relevance.

To our knowledge, there is no other study that reviews both TEMs and PFs across four MM populations and
determine TEMs through a statistical approach. However, three publications in RRMM populations have reviewed
potential TEMs or PFs [20,21], or evaluated effect modification in selected covariates [46] at the time when this
manuscript was written. Towle ez a/. was a conference poster focused on identifying both potential TEMs or PFs in
unanchored ITCs of TCE RRMM [21]. Kumar ez 4/. aimed to review potential PFs broadly for both response and
survival outcomes reported in either observational studies or clinical trials of RRMM [20]. Although methods vary
between our study and the two aforementioned studies, the covariates identified were largely aligned. Compared
with Kumar et 2/ (20}, our study also captured baseline covariates related to demographics (age and sex), disease
characteristics (cytogenetic risk, ECOG PS, ISS/r-1SS stage, EMD/plasmacytomas, time from diagnosis), prior
treatment history (prior therapy with IMiD, prior therapy with SCT and prior LOTs) and biochemical laboratory
values (albumin, LDH and B2-microglobulin) as potential PFs of OS and PES in RRMM 1PL. Covariates captured
in Towle ez al. were consistent with Kumar ez /. and additionally included refractory status, time to progression on
last LOT, hemoglobin, creatinine clearance, average duration of prior therapies and race [21]. Our study identified
all covariates noted in Towle ez 4/. [21]. Rose ez al. evaluated effect modification of refractory status and prior LOTs
in RRMM using a random-effects meta-analysis approach [46). Effect modification by these two covariates were
considered weak and thus unlikely to bias NMA estimates [46]. This contradicts with our findings, in which number
of prior LOTs and refractory status to IMiDs were considered likely TEMs. However, conclusions from Rose
et al. were based on broad covariate definitions, which does not consider the treatment-specific nature of TEMs.
In our analysis, refractory status was only considered a likely TEM in the context of IMiDs. Additionally, Rose
et al. did not acknowledge how varying magnitudes of effect modification on the additive or multiplicative scale
could influence detection of TEMs.

Despite these strengths, this study also had limitations. TEM assessments were limited to known covariates that
have been considered in published clinical trials and thus may not have necessarily identified unknown covariates
that are potential TEMs. Published data are also strictly summary-level, which prevented further evaluation of the
magnitude of effect modification on either the additive or multiplicative scale. Additionally, although covariates
selected for adjustment were reported, whether these covariates were considered TEMs or PFs was not disclosed
in included PAICs of MM populations except one [29]. Concluding whether covariates were TEMs or PFs based
on methodology from NICE TSDs [11,14,28] were not feasible considering anchored PAICs are rarely conducted
in MM due to lack of a common comparator regimen across RCTs. Furthermore, covariates identified as TEMs
based on historical data may not necessarily be considered TEMs in future PAICs given the treatment-specific
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nature of TEMs. Thus, while this analysis could potentially inform preliminary covariate selection prior to the
conduct of future PAICs, de novo analysis of newly collected data should be performed alongside consultations with
subject-matter experts to ensure all relevant covariates are adjusted.

Several opportunities for future research are possible. Availability of IPD or real-world evidence can permit
investigations into the prognostic value of candidate PFs and each TEM’s magnitude of effect modification, either
on additive scale or on a multiplicative scale. Additionally, emerging understanding of covariates associated with
poorer prognosis, such as EMD/plasmacytomas [48], and the incorporation of additional factors to assign risk to
MM patients [49,50], may also lead to increased reporting of subgroup analyses in pivotal publications for covariates
that were either sparsely identified or lacking entirely in the current study. As the treatment landscape in MM is
constantly evolving, increasing evidence generation from both RCTs and PAICs are expected, providing available
data and thus opportunities to investigate TEM’s treatment-specific nature and outcome associations.

Conclusions from this work can be leveraged by various stakeholders who rely on accurate estimates of comparative
effectiveness to provide guidance on MM treatment guideline updates. In line with best practices published by
NICE and IQWiG, a priori identification and adjustment of TEMs and PFs strengthen the validity of results from
comparative estimates in PAICs and subgroup or stratification analyses in RCTs [51,52]. The current work defines
an initial set of potential TEMs and PFs that can be used to establish a standard prespecified list, which can then be
shared with a panel of clinical experts in MM to validate, supplement or refine prior to a formal statistical analysis.
Following these steps, data analyses using IPD can further validate potential or identify new TEMs and PFs, assess
the degree of collinearity (or redundancy) among TEMs and PFs and assess population differences in TEMs and
PFs across the evidence. Findings from this research can contribute to increased transparency and standardization
in the selection process to support comparability of different PAICs and future clinical trial design in terms of
preplanned subgroups analyses as well as stratification analyses.

Conclusion

The use of a historical data-informed approach allowed the identification of a list of potential TEMs and PFs
to use in conjunction with data analysis and clinical validation during the development of future studies in MM
populations of interest. Given the emergence of new diagnostic tools and treatment classes for MM, future efforts
should focus on ensuring selected covariates remain accurate with updated clinical opinion prior to conducting
analyses. This research can help increase transparency in the identification process of TEMs and PFs in designs of
preplanned subgroup and stratification analyses in future RCTs and improve comparability of results from different
PAICs.

Summary points

e Healthcare decisions for patients with multiple myeloma (MM) have become increasingly complex due to the
introduction of innovative treatment classes in the past decade.

e Of the few publications synthesizing treatment effect modifiers (TEMs) and prognostics factors (PFs) in MM
populations currently available, none included assessments in patients with newly diagnosed multiple myeloma.

e Covariates considered likely TEMs were identified and determined from subgroup analyses collected from a
literature review of randomized controlled trials and validated using a separate literature review of
population-adjusted indirect comparisons.

e Four covariates, age, sex, ISS/r-ISS stage and cytogenetic risk were consistently identified as likely TEMs for
progression-free survival and varied for overall survival across MM populations assessed.

e Published population-adjusted indirect comparisons identified in this review adjusted for a broader pool of
covariates than those determined from published randomized controlled trials.

e Several other covariates may potentially be TEMs depending on treatments investigated, MM population or
outcome.

e Age, sex, ISS/r-ISS, Eastern Cooperative Oncology Group performance score, cytogenetic risk and creatinine
clearance could potentially be considered PFs since they were adjusted for in both anchored and unanchored
analyses of newly diagnosed multiple myeloma with hematopoietic stem-cell transplant ineligibility.

e The use of a historical data-informed approach allowed the identification of a list of potential TEMs and PFs to
use in conjunction with data analysis and clinical validation during the development of future studies in MM
populations of interest.
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