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Abstract

Autologous hematopoietic cell transplantation (AHCT) is a commonly used treatment in multiple
myeloma (MM). However, real-world global demographic and outcome data are scarce. We
collected data on baseline characteristics and outcomes from 61,725 patients with newly
diagnosed MM who underwent upfront AHCT between 2013 and 2017 from nine national/
international registries. The primary endpoint was overall survival (OS), and the secondary
endpoints were progression-free survival (PFS), relapse incidence (RI) and non-relapse mortality
(NRM). Median OS amounted to 90.2 months (95%CI 88.2-93.6), median PFS 36.5 months
(95%CI 36.1 to 37.0). At 24 months cumulative RI was 33% (95%CI 32.5-33.4%) and NRM

was 2.5% (95%CI 2.3-2.6%). In the multivariate analysis, superior outcomes were associated
with younger age, IgG subtype, complete hematological response at autoHCT, Karnofsky score
of 100%, ISS stage 1, HCT comorbidity index 0, standard cytogenetic risk, autoHCT in recent
years, and use of lenalidomide maintenance. There were differences in the baseline characteristics
and outcomes between registries. While the NRM was 1-3% at 12 months worldwide, the OS at
36 months was 69-84%, RI at 12 months was 12-24% and PFS at 36 months was 43—-63%. The
variability in these outcomes is attributable to differences in patient and disease characteristics as
well as the use of maintenance and macroeconomic factors. In conclusion, worldwide data indicate
that AHCT in MM is a safe and effective therapy with an NRM of 1-3% with considerable
regional differences in OS, PFS, RI, and patient characteristics. Maintenance treatment post
AHCT had a beneficial effect on OS.

Introduction

Multiple myeloma (MM) is a plasma cell neoplasm characterized by uncontrolled
proliferation of mutated plasma cells, leading to specific end-organ damage!. It was the third
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most common hematological malignancy after non-Hodgkin lymphoma and leukemia in
2020, contributing to 176,404 (14%) of the 1,278,362 blood cancers diagnosed worldwide?.
Although the cause of MM remains largely unknown, the risk factors include male sex,
Black race, older age, living in developed countries, family clusters, radiation exposure,
and obesity!:*. Two additional studies confirmed a wide variation in the burden of MM,
with a higher incidence and mortality observed in men and countries with a higher human
development index>-°. Due to the introduction of newly developed targeted therapies and
transplantation techniques, five-year overall survival (OS) has doubled over the past decade
to approximately 54%?3- The utilization of autologous hematopoietic cell transplantation
(AHCT) plays an important role in the treatment of MM7~11,

The worldwide network for stem cell transplantation (WBMT) was founded as a federation
of several societies working in the field of hematopoietic cell transplantation (HCT), with
the aim of improving HCT, stem cell donation, cellular therapy, accreditation, and access
to HCT worldwide, especially in countries with low or no activity. To this end, the

WBMT has since 2006 regularly published worldwide transplant activity surveys 13713,
Previous publications have revealed a variable incidence of MM between countries, which
has increased uniformly since 1990, with the largest increase occurring in middle and
low-middle socio-demographic index countries. Access to effective MM care is limited in
many countries with low socioeconomic development, particularly in sub-Saharan Africal.
AHCT activity in plasma cell disorders, principally MM, has increased worldwide from
10,675 in 2002 to 23,701 in 20162, Greater utilization has mostly been seen in high-income
regions, and it remains poorly utilized in Africa and the Eastern Mediterranean Region.
More work is needed to improve access to AHCT in MM patients, especially in low-income
to middle-income countries?.

The overall objective of this study was to analyze the outcomes of AHCT in patients with
MM from nine registries worldwide. The outcomes of patients with newly diagnosed MM
(NDMM) were computed accounting for differences in patient and disease risk factors
between countries and country-specific macroeconomic factors.

Patients and methods

Study design and data sources

This retrospective registry study was conducted through the WBMT, utilizing data from their
member societies and international or regional registries on HCT for patients with NDMM
aged >18 years between 2013 and 2017. As center-based activity reports do not contain
patient-specific information, member societies were asked to provide patient, disease, AHCT
characteristics, and outcome information. The need for additional informed consent from
patients was waived because the study was performed by the secondary use of registry data,
and no personal information was transferred. The primary endpoint was overall survival
(OS) and the secondary endpoints were progression-free survival (PFS), cumulative relapse
incidence (RI), and non-relapse mortality (NRM).

Outcome data were obtained through requests from the following regional registries:
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1. The Center for International Blood and Marrow Transplantation (CIBMTR;
www.cibmtr.org), the United States of America (USA),

2. The Canada registry using the Ottawa Blood Disease Center MM Database
(OBDCMMD),

3. Latin American Blood and Marrow Transplantation group (LABMT).

4. The European Society for Blood and Marrow Transplantation (EBMT;
www.ebmt.org)

5. Australia and New Zealand Transplant & Cellular Therapies Registry
(ANZTCTR; www.anztct.org.au)

6. The Asian Pacific Blood and Marrow Transplant Group (APBMT;
www.apbmt.org) with reporting registries

a. Myeloma Transplant Registry, Ministry of Health, Malaysia
(MTRMOHM)

b. Japan Society for Transplantation and Cellular Therapy/ Japanese Data
Center for Hematopoietic Cell Transplantation (JSTCT/JDCHCT

c. Taiwan Society of Blood and Marrow Transplantation (TBMT)
d. Beijing Bone Marrow Transplant registry

7. Eastern Mediterranean Blood and Marrow Transplant Group (EMBMT).

Regional contributions

Definitions

In 2016, 1,662 teams in 86 countries across six WHO regions delivered HCT services. These
included the Americas (AMR/PAHO; WHO regions North, Middle, and South America,

and Canada); Asia (SEAR/WPR; WHO regions Southeast Asia and the Western Pacific
Region, which includes Australia and New Zealand); Europe (EUR, which includes Turkey
and Israel); and AFR/EMR [WHO regions Africa (AFR) and Eastern Mediterranean Region
(EMR)] (www.who.int/about/regions/en/). A detailed list of organizations providing activity
data and the definitions used in the manuscript has been reported in previous publications?.

The registries reported all AHCTs without time interval restrictions between diagnosis
and AHCT, except for CIBMTR, which provided information on patients who underwent
transplantation within 12 months of diagnosis.

Deletion 17p and/or t(4:14) and/or t(14:16) were considered high-risk cytogenetic findings,
with the remaining being standard risk!®. Hematological responses were defined according
to the IMWG criteria!”. OS was defined as the time from AHCT to death from any

cause and PFS was defined as survival without relapse or progression. RI was defined as
the cumulative incidence of either relapse or progression post-AHCT, and NRM as death
without evidence of relapse or progression. Transplant rate (TR) was defined as the number
of AHCTs in a country per 10 million inhabitants.
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Economic factors

Gross National Income (GNI) is defined as gross domestic product, plus net receipts

from abroad of compensation of employees, property income, and net taxes less subsidies
on production (https://data.oecd.org/natincome/gross-national-income.htm). Current health
expenditure (HCE) includes healthcare goods and services consumed each year without
capital health expenditure. Both factors are expressed in current international dollars and
converted into purchasing power parity (PPP) per capita. Factors were obtained from

the World Bank (www.worldbank.org), WHO (www.who.int), and United Nations (http://
hdr.undp.org) for 2013 —2017.

Statistical analysis

Clinical, demographic, and AHCT-related characteristics at baseline were tabulated by

the year of AHCT, registry, and country. Continuous variables were expressed as median
and interquartile range (IQR), and categorical variables were expressed as frequencies

and proportions. Median follow-up after baseline and 95% confidence intervals (CI) were
calculated using the reverse Kaplan-Meier (KM) method. The probabilities of OS and PFS
were estimated using the KM method, and the groups were compared using the log-rank
test. The cumulative incidence of NRM together with RI was analyzed in a competing risk
framework, and Gray’s test was used to compare the differences between the groups.

Associations between patient characteristics and outcomes were evaluated by multivariate
analysis (MVA) using Cox (cause-specific) proportional hazard models based on complete
cases. All models included a random country effect (normally distributed) and the following
variables: ISS at diagnosis, cytogenetic risk, age at AHCT, sex, year of AHCT, diagnosis
and AHCT time interval, immunoglobulin subtype, Karnofsky score (100 and <90%),
stage at diagnosis, preparative regimen (type and dose), HCT-comorbidity index (CI), and
lenalidomide maintenance. As there was a high degree of missing information on ISS at
diagnosis, cytogenetic risk, and HCT-CI, we analyzed the first model with all variables
except ISS, cytogenetic risk, and HCT-CI. A second analysis was performed using a subset
of patients with complete information on the three additional aforementioned variables.
The association between maintenance therapy (lenalidomide, other, no maintenance) and
OS, PFS, and relapse was analyzed using landmark Cox proportional hazards models at 3
months, including the subset of patients with available maintenance data and the same two
sets of confounders as described above.

All outcomes in the MVA analyses were artificially censored at 36 months. All tests were
two sided. To determine the factors associated with the time-to-event outcomes, the type
1 error rate was fixed at 0.05. No adjustments were made for the multiple comparisons.
All analyses were performed in R version 4.2.2 using ‘survival’, ‘cmprsk,” and ‘prodlim’
packages 8.

The methods used for the analysis of country-specific macroeconomic factors are described
in the supplementary material.
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Results

Patient characteristics

A total of 103,847 first AHCTs for MM were reported in the WBMT activity survey
between 2013 and 2017 4. Outcome information was available for 61,725 NDMM patients
(59.5%) from 629 transplant centers in five WHO regions. AHCTs/year increased from
11,317 in 2013 (18.3%) to 13,498 in 2017 (21.9%). The mean number of transplantations
per year increased in all regions except in EMR (Supplemental Table S1). The transplant
rate per 100,000 population in 2017 per region/country is shown in Supplemental Table
S4. The patient, disease, and AHCT characteristics are shown in Table 1. The median age
at diagnosis was 59.9 years with the lowest median age in the EMR (52.5 years) and
Malaysia (54.3 years) and highest in Ottawa, Canada (61.5 years). The median year of
diagnosis was 2014, and was well balanced between registries. IgG (54.0%), light chain
(24.4%), and IgA (18.6%) were the predominant subtypes; however, there were significant
differences between regions. Disease stage at diagnosis was reported in 54.5% of patients
(ISS I'in 38.0%, ISS II in 34.8%, and ISS III in 27.1%) and cytogenetics in 44.5% of
patients (high-risk 30.3%). Median age at AHCT was 60.8 (IQR: 54.6-65.8) years, lowest
in EMR (53.6 years) and highest in Canada (62.2 years). Only 5.1% of patients were older
than 70 years at AHCT, with the lowest proportions in Malaysia (0%) and EMR (0.6%),
and the highest in the USA (9.8%). HCT-CI at AHCT (available in 71.8%) was low in 52%,
intermediate in 25% and high in 23%. USA and Latin America reported high-risk HCT-CI
scores in 42.2% and 5.5 %, respectively. Karnofsky score at AHCT was <90% in 72.0%,
lowest in Latin America (44.3%) and highest in Ottawa (92.4%). Most patients underwent
AHCT in very good partial remission (VGPR, 38.0%) and partial remission (PR, 36.2%).
Complete remission (CR) was reported in 19.1% of patients, minimal remission/stable
disease (MR/SD) in 4.7%, and relapse/progression in 1.8%. The percentage of patients
with VGPR or better ranged from 76% in Latin America to 39% in Australia and New
Zealand. The most frequently used conditioning regimen was melphalan at a dose of 200
mg/m? (70% of patients). However, only 60.4% of patients received this dose in Malaysia,
as opposed to 89.6% in Ottawa, Canada. Only a minority of patients had tandem AHCTs
(6.7%): 10.1% in Europe and 1.3% in the USA. Lenalidomide was used for post-transplant
maintenance in 51% of 6,801 patients for whom information was available (11.0% of all
patients).

Outcome in the entire population

After a median follow-up of 41 months (IQR 19-60), median OS was 90.2 months (95% CI
88.2-93.6) and OS at 24 months was 88.4% (95% CI 88.1-88.7) and 63.4% (95% CI 62.7—
64.0)% 72 months (Figure 1a). The median PFS was 36.5 months (95% CI 36.1 to 37.0), the
PFS was 64.6% (95% CI 64.1-65)% at 24 and 28.6% (95% CI 28.0-29.2%) at 72 months
(Figure 1b). The cumulative RI increased from 2.4% (95% CI 2.3-2.5) at three months to
33% (95% CI 32.5-33.4%) at 24 months (Figure 1¢) and 65.5% (95% CI 64.9—66.1%) at

72 months. In contrast, NRM was 0.6% (95% CI 0.6-0.7%), 2.5% (95% CI 2.3-2.6%) and
5.9% (95% CI 5.6-6.1%) at 3, 24 and 72 months, respectively (Figure 1d).
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Outcome according to regions

Three-year OS varied between regions, from 84.3% to 68.6% (p<0.001; Figure 2a and Table
S2a). The longest median OS was observed in the USA, and the shortest in Malaysia (Table
S2a). The differences observed within 12 months became more pronounced with longer
follow-up periods. PFS showed similar patterns (Figure 2b and Table S2a), with the highest
PFS at 36 months in Japan (62.5%) and lowest in Malaysia (43.3%). This was reflected in
the lowest cumulative 36-month RI observed in patients in Japan (31.7%) and the highest in
those from the EMR (52.3%) (Figure 2¢ and Table S2b). The highest 36-months NRM of
5.8% was observed in patients from Japan and the lowest in patients from the EMR at 2.0%
(Figure 2d).

Outcome according to risk factors

Univariate analyses were performed using Karnofsky score, sex, MM subtype, ISS Staging,
cytogenetic score, HCT-CI risk score, disease status, conditioning, graft source, age, and
maintenance. All these factors were significantly associated with OS, while the interval from
diagnosis to transplant, graft source, and tandem AHCT were not. Notably, the 36-month OS
increased from 80% (95% CI 79-81%) in 2013 to 84% (95% CI 83—85%) in 2017.

Multivariate analysis (MVA)

The MVA OS model (without ISS, cytogenetic risk, and HCT-CI) included 52,568 patients
with complete data (Supplemental Table S3). The most important risk factors for OS and
PFS were relapse at AHCT (HR 5.23 for OS and HR 3.44 for PFS), SD/MR at AHCT
(HR 1.99 and 1.84), no maintenance (HR 1.79 and 1.72), IgA subtype (HR 1.47 and 1.82),
Karnofsky score <90% (HR 1.33 and 1.10), melphalan 140 mg/m? (HR 1.25 and 1.16),
VGPR at AHCT (HR 1.21 and 1.28), light chain MM (1.14 and 1.08), older age (HR

1.1 and 1.03 per 10 years increase, respectively) as compared to baseline (CR at AHCT,
maintenance, IgG subtype, Karnofsky score 100%, melphalan 200 mg/m? and younger
age). A more recent calendar year of AHCT was associated with better OS, PFS, and RI
(Supplemental Table S3). The same factors, except for older age at AHCT (HR 0.95), were
also associated with increased RI. Non-CR stage at AHCT (HR 2.5, 2.19, 1.47 for VGPR,
PR, SD/MR, and relapse/progression, respectively), melphalan dose 140 mg/m? instead of
200 mg/m? (HR 1.64), Karnofsky score <90% (HR 1.40), and older age at AHCT (HR 1.36)
were strongly associated with NRM. The time interval from diagnosis to AHCT was not
significantly associated with OS, PFS, risk of relapse, or NRM.

An additional MVA was performed on a subset of 20,355 patients for whom data on
cytogenetic risk, HCT-CI risk scores, and ISS at diagnosis were available (Table 2). A higher
HCT-CI (HR 1.30 and 1.15 for high and intermediate) was significantly associated with
worse OS, but was not significantly associated with PFS or an increased risk of relapse.
High-risk cytogenetics (HR 2.13) and a higher ISS (HR 2.13 and 1.51 for ISS III and II,
respectively) were associated with worse OS, PFS, and RI. The point estimates of other
variables in these analyses were similar to those presented in Supplemental Table S3.

We then performed a three-month landmark analysis restricting the two datasets to patients
with information on post-AHCT maintenance. The characteristics of the patients with and
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yduosnuely Joyiny 1duosnuey Joyiny 1duosnuelp Joyiny

1duosnuey Joyiny

Garderet et al.

Page 9

without maintenance information were similar, except for the year of HCT. Lenalidomide
maintenance was associated with improved OS, PFS, and lower RI, but not NRM
(Supplemental Figure 1). No treatment or treatment other than lenalidomide maintenance
was associated with lower OS (HR 2.09 and 1.36), PFS (HR 1.61 and 1.39), and higher RI
(HR 2.09 and 1.36). (Tables 2 and S3).

Transplant activity and outcomes by macroeconomic factors

Country HRs extracted from the model and country-specific health economic variables were
correlated. TR correlated strongly with HCE, with higher AHCT activity in countries with
higher HCE (r = 0.67, p<0,01; Supplemental Figure S2a). Furthermore, a lower risk of death
after AHCT was observed in countries with higher HCE (r = —0.49, p<001; Supplemental
Figure S2b) and in countries with higher HCE/GNI (r = —0.45, p<0.01; Supplemental Figure
S2c). Similarly, the risks of death or relapse (r =—0.39, p <0.01; Supplemental Figure S2d)
and relapse (r =—0.37, p<0.01; Supplemental Figure S2e) were lower in countries with
higher HCE/GNI quotients. In contrast, only a trend was found between the HR for death
without relapse and HCE/GNI (r = —0.26, p =0.06; Supplemental Figure S2f).

Discussion

Information on the outcomes of patients with MM undergoing upfront AHCT between 2013
and 2017 (inclusive) was collected from different regions worldwide. The median OS was
90.2 months and the median PFS 36.5 months. The cumulative RI was 15.7% at 12 months,
and the NRM was 1.5% at 12 months and 3.4% at 36 months. This confirms the safety of
AHCT worldwide, independent of the country’s income. Notably, these were real-world data
and were not derived from clinical trials with defined eligibility criteria.

In MVA, older age was associated with inferior OS, primarily due to a higher NRM.
Females tended to have a slightly better OS than males as reported previously for other
hematological diseases and solid tumors '°~22, In recent years, outcomes have improved,
most likely due to the availability of numerous novel therapies, such as immunomodulatory
drugs (IMiDs), proteasome inhibitors, and CD38 monoclonal antibodies?3. Interestingly,
the stage of disease at AHCT was the most important prognostic factor. The risk of death
was higher with more advanced disease at AHCT, underscoring the importance of utilizing
a highly effective induction regimen at the outset to achieve the best response to AHCT.
Achieving at least CR and, currently, a minimal residual disease (MRD) negative status has
a clear positive impact on post-transplant outcomes?*. With respect to the immunoglobulin
subtype, our analysis confirms the detrimental outcomes seen with IgA compared to [gG
paraproteins and, to a lesser extent, light chain myeloma compared to IgG subtype, as has
also been previously reported?>: 26,

The association between lower Karnofsky scores and poorer outcomes was stronger for
NRM and OS and weaker for RI. Higher HCT-CI was only associated with worse NRM and
OS, whereas poor cytogenetic risk was associated with increased RI, but had no impact on
NRM. There was a strong association between the ISS stage and all outcomes.
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The observation that patients conditioned with a melphalan dose of 140 mg/m? had poorer
outcomes than those receiving 200 mg/m? was at odds with published data. Although we
also found that the differences in the risk of adverse outcomes between lower and standard
melphalan doses were substantially smaller in models adjusted for cytogenic risk, ISS at
diagnosis, and number of comorbidities, a significantly higher risk of NRM remained in
those who had received a lower melphalan dose. This finding may be due to selection bias,
as patients receiving a lower dose of melphalan were older, had lower Karnofsky scores, and
had more comorbidities. Despite adjusting for these factors, confounding by other factors
that were not tested here may be possible. E.g., we could not adjust for differences in renal
function as the data was not readily available. In a previous study, outcomes were similar
following melphalan 140 mg/m? and melphalan 200 mg/m?2, with remission status at the
time of transplantation being the overriding determinant i.e., AHCT in less than PR favored
melphalan 200 mg/m? over 140 mg/m? in terms of OS, PFS, and relapse risk?’.

AHCT outcomes were significantly associated with macroeconomic factors. In general, a
higher HCE/GNI ratio was associated with a lower risk of death and disease recurrence but
not NRM. Unsurprisingly, this finding suggests that investment in healthcare services affects
the outcomes. Further health care services and health economics research are required to
elucidate the causes of this association, which may be due to a lack of access to maintenance
therapy.

Our study has some important limitations. Reporting practices, data collection systems,

and quality checks differ between registries, resulting in varying amounts of missing
information. Despite a generally low NRM, significant differences in survival and relapse
outcomes between registries were observed in univariate analyses. Different factors,
including variations in the baseline characteristics, may be responsible for this effect. For
example, lower-income regions tend to transplant younger patients and select patients who
achieve a good hematological response, while in other registries, a higher percentage of
older patients (>70 years) were transplanted, and tandem HCT was used routinely. The
percentage of patients with high HCT-CI scores also differed between regions, with the
highest percentage among patients from the USA and Malaysia and a lower percentage of
high-risk patients in Japan and Latin America. Importantly, there were limitations in data
collection for post-HCT consolidation and maintenance treatment. Maintenance therapy has
been shown in prior studies to improve PFS and OS28, With the caveat that the data were
limited, our analysis showed that patients with post-AHCT lenalidomide maintenance had

a lower risk of relapse with improved OS and PFS. Access to lenalidomide varies globally,
which may partially explain the different outcomes observed in Malaysia. We have tried to
address the important issue of drug access but we found it more difficult than expected.
First, within the same region, country approval date varies considerably. Second, there may
be an important gap between approval of a drug and its reimbursement. It depends very
much on the type of medical coverage whether it is state driven (“social security system”) or
through private insurance. Sometimes, within the same country, both type of reimbursement
exist and in the end it is difficult to capture for a single patient whether or not the patient
actually has access to these new expensive myeloma drugs. Despite these limitations, this
study provides important insights into the use of AHCT in NDMM and has generated useful
data on its safety and efficacy at the global level.

Am J Hematol. Author manuscript; available in PMC 2025 November 01.
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In conclusion, this exceptionally large study provides a high-level overview of AHCT.
Despite the reassuringly low early NRM rate, differences in patient selection, transplant
procedures, and outcomes across geographic regions have been identified. To our
knowledge, this is the first time that real-world outcome data encompassing almost 60%
of the world’s transplant activity have been reported in the field of MM. Patients with MM
who underwent AHCT outside of clinical trials between 2013 and 2017 had a RI of 15.7%
in the first year, a median PFS of three years and a median OS of seven years and the
treatment has been increasingly utilized'2. However, the regional differences in relapse and
survival outcomes warrant further investigation. Our new transplant registry collaboration
provides a framework for evaluating and improving MM outcomes globally. In addition, the
experience gained also paves the way for future analyses of novel non-transplant therapies
and assessment of relative global access, utilization, and outcomes.
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Outcome after auto-HCT: a) probability of overall survival (OS), b) progression free survival
(PES), ¢) cumulative relapse incidence (RI) and d) cumulative incidence of non-relapse

mortality (NRM). Due to the large number of patients, the 95% confidence intervals are very

narrow and cannot be distinguished from the point estimates. Numbers below the graphs

show the number of patients at risk.
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Outcome after auto-HCT by registry / region: a) probability of overall survival (OS), b)

progression free survival (PFS), c) cumulative relapse incidence (RI) and d) cumulative

incidence of non-relapse mortality (NRM). Numbers below the graphs show the number of

patients at risk.

Am J Hematol. Author manuscript; available in PMC 2025 November 01.



Page 15

Garderet et al.

. . . . . . . . . A10721008
'l 0°¢ 0 I'1 91 61 Tl 61 L'l -noN
5T 70z 6'€T 91 0'€z el 61 9’81 802 9'L1 9’81 V31 (62509=1)
UuoIeoIJISse[d NN
S'LI (8% vyl v9l €Iz 8'LE ¢6l $91 L0t TLT YT ureyo 31y
v'Cs 9°€L 9°6S L'19 v'1s 0°9% L'9S 919 98 [4S 0tS D3|
[o10C [st0T (9102 [stot [9102 [stoz [stot . [9102 [9102 [9102
—¢10¢l —€10¢] —g1oz( —€10¢] —€102] —€10¢] —¢10tl fo10z-¢107] —¢10¢] —€10¢] —€10¢] (a0l ( )
£9919=u
(9107 (L10T (L1027 (L1027 (L1027 (L102 (L10T  (,10z-0661) (L102T (107 (L102 (o8ue) sIsouseI(] Jo Ieox
—1102) —0002) —0102) —1002) —9002) —S661) —6661) $107 —C100) —9L61) —9L61) 162K UBIPOI
9102 $10T S10z ¥10T S10z ¥10C ¥10C S10z ¥10¢T ¥10C :
001 001 001 €0 001 001 001 126 €16 8’16 owedsiy oN  (£69.z=U) Aonupyg
) . . 1d )O
S0 10 €0 P
. . ) . . eyse|y
80 L1 0 10 10 /ueIpu] wry
(£208z=U) 20vy
19 10 PLI e L0l yeg
0001 0001 €S 0001 L'66 1 I'e L'SI ueIsy
6'L8 €86 0 6'6L ¥'€6 ¢l UEBISEONE))
8'TS 609 965 TLS Tes €19 ¥ L9 €LS 18 0'8S SeN (STL19=U) 10pUdDH
[s29 . [999 . .
[+9 (635 [8'59-+'9¢] - 1) LIsso] [+9 [1's9-9ps]  —Sbs] Trvo o9 -
e . . [09-8¥] . s _ . . ¢ gs] -9°¢s] (40D (£9919=1)
-0s](eL  —€'8v1(9°89 (Cx | (€vL e €51 (9L (wsL (S8 . . » Sein o3
Dot : . . ) (€L-00) S e S'LY) . . . (Lz8 (Lz8 SIaA UBIPIN sisougerp o5y
¥€)'8S  —+'60) €S Tre) S'19 9°LT) : —+2) 6 L'61) L'09 L'61) _ ° e .
. $Ts i L1) 9°6S 0°L1) 665
L'LS 609
01l
(3%uea)
ugIpaw
10 9,
(drqeqrese
uonevuLIOJur)
w 691 881 6£€ ves £FS (4413 PoLE L1791 6SPLE STL1Y sjudned (e SONSLIONBIEY)
eur visAe[e vpeuE) wLLwry ueMIe uordal uede —._MM«@N adoan ©)0, dnoux
U] 1sKe[eAl RMENG upey 1e], Wi r E_Emi vsn cl [e30L )
‘uo13a1 Aq pue uonendod [8qo[3 Jo soseasIp pue sjusned Jo SOISLIOORIEY))
'V i} 9|qeL

Author Manuscript

Author Manuscript Author Manuscript Author Manuscript

Am J Hematol. Author manuscript; available in PMC 2025 November 01.



Page 16

Garderet et al.

‘(L=u) Tizeig pue (¢=u) e1pu[ ‘(4] [=u) uel] ‘(1=u) beiy {(gy=u) srodesurg ‘(z1=u) eiquiojo) ‘(g 1=u) eOLyY ynog woij syudned osfe papnjout pue JINGH Aq popiaoid orom ejep ueddoing
P

‘U01391 UBSUBLIIPIIN wIdser (N ‘Ausi3oy sarderoy ], semyp)
29 Juedsuel], pue[edZ MON PUE BI[RNSNY ([ D[ZNV ‘MoLRewW duoq ‘Ng :poolq [eryduad ‘gd ‘Suriods Suide)s [euoneusaiu] :SST ‘Snip Aloje[npowounuuul :(IIA] ‘[BAIDIUI 90USPYUOD i) ‘Onel prezey i H
‘Kperrowr osderor-uou (JARIN @oudprour osdefor ([ ‘[AIAINS 091) uoIssoIZo1d :S,{J ‘[RAIAINS [[BIDAO :SO ‘Xopul A1piqiowod juedsuen 199 onorodojewoy [1D-1DH Suedsuen (99 onorodojewdy ;1 JH ‘oSuer

o[renb 1oyur YO ‘morrewr duoq (N Ppooq [eroyduad :gd ‘10uqryuy swoseajold 4 A1ojoeigaisasdejar /Y ‘osuodsar fented g ‘osuodsai jented poo3 A10A YdDA ‘Osuodsar 9391dwod YD suoneiriqq

lesi—€8]  [28-976] loz-s] [s01-66] mmwm Mm [6'6-5°5] [es—zsl  [601-97¢] [(66-cc] (£9919=u)
(8L1-9) (se-¢) (0L1-€) QOI-8D)  (erer)  (cL1-0) (r62-0) @10 OLr-0) (9L4-0) sgyuow LOH - 3T [eazomg
. 801 v'9 €l L'L . : 69 9 vL .
vu 9'8 8L I'L
. . . . . . ) . . (89vLT=u)
Vb v'LT 6'19 €7C 811 TS 66 8'vE €1 €0¢€ Y3ty 511 2oUB0IA)
6'0¢ ocy 6'1¢ 1494 6LE L€ L'st Lee 9'9¢ (e I'Le 11
. . . . . . . . . . . (or9ge=u)
Ty €1y S'Ly 1'tvC '9€ 0'9¢ L'8g $Le 9vE 0'v€ 8'vE 11 SSI
6LT LS 902 §0¢ L'st €T L'se 8'8¢ 6'8¢ 8'8¢ 08¢ 1
Te 8l 'l T 6¢ 61 0¢ 'l 'l 'l €1 311010
[yoIl
(98uea)
ueIpdw
10 9%
(G1qeprese
sjuaped e uonewioyur)
w 691 881 6€€ 144 €vs (4414 1221 L1291 6SPLE STLI9 usped (p SOPSLIIBIEY)
eul eisAee eprue) eoLlury ueAMIE uoizax uede uﬁ“«mN adoan ©)0, dnou
e} 1SAe[e Al MENG ey reL, Wi r \«__ﬁn_i vsn | L2 B)

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am J Hematol. Author manuscript; available in PMC 2025 November 01.



Page 17

Garderet et al.

0 10 €0 ) poyeanu()
43 6t 60 S¢ 1T T 0T 00 v 81 R
$9 6Tl Sl 81 47 0t 1°01 L9 v'e Ly AN/AS (L9£09=U)
01T 6'0F $9€ 81T 0T 96T 8Th 06t 1'8¢ Tre 79¢ ud LOH 1€ os8asid
06T v'LT €Y 8'5¢ Ty L9z 9'1¢ 197 ¥'6€ 1'6€ 0'8¢ AdOA
¢ob 897 €91 0°0¥ $'6C €LE 061 8°TI 8'GI $0T 161 Re)
. . ) ) . ) . ) - (66L55=u) LOH
978 v'6 b 905 6°LS [SrdS 8L 188 699 Tl 06> T Dqgowsy
¥z €81 Y L8 €Sl 8¢ T el Tee (€ =<) yStH
8°€9 6'8C et £'8C L1g 691 1'1g 91T 0'sT 3&%%35 Mmﬂ mwwuww
8¢ 8°TS €IL 679 0°¢s €LL 897 TS9 8IS (0) mo]
I L Sl 6’1 90 i 9y 86 S'¢ 'S 0L<
80T/SL  9TSE9E  6/STLY  SOLOSSS  BOL/6L LI9E9Y  TUISTy  0TSOUSE  6L/IE/LY 61/0€/9% 0L-99/59
L1/8T/¥S —09/09>
(sTL19=1)
[99—¢51 il
[co-1¢] [09-6¥] [99-Ls] [19-05] [€9-2<] l6s-Lt] [p9—pc] 6L (29-59) (59+9) [99-¢5] )
L (69 (€L (69 (LseL (€8 (L1=<2) 09 170 (€8 (828 (Tes s1eak
_ —$0€)9s  —$96)T9  —$0£)9S -87) '8¢ —61)9°€S ) -00)S$'19  —1'81)L09 -1'81) 809
+£)6S 919
vh/12 781 61/LT TEmT €7/€T €2/91 127/0T 17/2¢ €0/ 127/0T 6'12/0°1¢T L1/9102 (STL19=0)
8/8/81 TU1T91 12/81/S1 L1/91/11 1Z/L1/L LUOTYT  S61/S0T/81  0T/81/61 61/81/L1 02/02/61 661/0°61/€81 SIPL/E10T LOH JO 1e2A
[401] (93ue)
ueIpauw 10 9,
VLT TLE 8¢ £IE 6'S £'€s 697C L'€IT 9'8¢1 (uongndod ot
9¢ 01/LOH) dey juedsue.r], (31qe[eAR
uonBuLIOJUT)
w 691 881 6€€ vTs €S (4403 p91€ L1791 6SPLE STLI9 syuaped g SONSHOREIELD
N—uNENU BILIDW ﬂ:w—NuN
euy) RISAR[EIA] . : v ueMIe], uoIdar WA uedep MIN vSn adoanyg e, dnoan
) ) BMERO el ) ) Jereaysny

Author Manuscript

‘uorga1 03 Surprosoe pue uonendod [8qo[S oY) Jo sonsuvORIRYD [DOHY

‘g 1 9|qeL

Author Manuscript

Author Manuscript

Author Manuscript

Am J Hematol. Author manuscript; available in PMC 2025 November 01.



Page 18

Garderet et al.

‘(L=u) 1ze1g pue (¢=u) eipu] ‘(y] [=u) ue] ‘(]=u) bef ‘(gy=u) arode3ulg ‘(g =u) erquolo)) ‘(zi[=U) oLy ynos woij sjudned osje papnjout pue NG £q papiaoid o1om ejep ueadoinyg
*

‘uo1301 UBQUEBLIONIPIN UIdIseq (N ‘AnsiSoy sorderoy ] re[njo) 2 juedsuel]
pue[ROZ MON PUE BI[ENSNY (IDIZNV ‘MoLeW duoq ‘Ng ‘poolq [eroyduad ‘g ‘Surioos SuiSe)s [euoneuwrou] :SST “‘Snip Aroje[npowrountuuul (A ‘[BAIONI dOUIPLUOD ;[ ‘Oner prezey JH “Aijerowt
asdejar-uou ;AN ‘@ouaprour asdefar 1y ‘[eAlAIns 2213 uoissarSoid 1S 1d TBAIAINS [[BI0A0 :SO ‘Xapul AJpiqiowoo juejdsuer [[99 onerodojeway :[)-1DH “uejdsuer 99 onsrodojeway (] HH ‘o3uer anrenb
101Ul YOI ‘motrewt duoq A ‘pooiq [eroydurad :gd ‘roiqryuy swosesjold IJ ‘Aroioerjorsesderar gy ‘osuodsar renred J ‘osuodsar [ensed poo3 K1oa YJDA ‘@suodsar 9301dwiod D :SUOHLIAIQQY

0 91 60 01 qruozjyre)
Tl 9T L'L9 Tl 6L 10 6L 1d/dUAIT
6T 09 6'S1 €€l 8¢ 98 Sl €6 qruozapog
. . . . . . . . (68L9=1)
Y v'1T L'8¢ $0¢ 0°SI T0 66 v'6 opwopifey], SOUTUO T
I'1 0 001 61 6T 761 901 (8)1|O
€Y €L9 v'ss 0Ll 6'9¢ 60T 011 auou
L'ST Ty 9 L¥T Tl L'19 T 6°LS ¥'8s 8°0S SpIwOpI[eud]
. . . ) . . . ) : ) ok (€9919=u)
0001 Tl 00 90 90 Sl Lg I'1 €1 101 L9 wepueL
. . e o . . . . - e o s1ayjo /o3esop
L'01/0°0 CYIT 9'8/0°0 0°1/9°0 I'EUETT 8'1/0°8 TUT0 SP/SET 1¢/8°v1 amowqun
(sse19=u)
L6 06T 6'S L'L L0T 9y v'8 zol 81 86 0°Z1 OV 1P Suruonipuo)
€06 09 9'88 L'€8 S'LL 0'1L L'18 $'88 818 T 1'0L 00PN
(L9s6=1)
00 00 9°¢l 00 00 00 Tl L0 poatasardoLio
00 uoN
. . . . S, o o . o wg+4d (SzL19=1)
00001 0/0°0/0°001  0/0°0/001 0°0/0001  0/20/866 TO/T0/966  0/00/666  0/1°0/6'66 0/0/001 1'0/T0/L'66  0°0/1°0/8°66 NS/ 30108 i)
[101] (38uea)
UBIPIU 10 9,
vLI TLE 8¢ €1€ 6'S £'€s 697 L'EIT 9°8€T (uongndod woritm
o¢ 01/LDH) ey juedsue.], (1qeqeAe
uoneuLIOjur)
L 691 88T 6€€ vTs €pS 44183 po1E L1791 6SPLE STLI9 sywoned e SOHSHREIEY)
epeue BILIDW pueqedz
euIy) RISAR[BIA . pEUE) : \ ueMIg], uoIdar INA uedep MIN vSn adoany 1eoL, dnoan
) ) BMENO uhey ' ) Jelfeaysny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am J Hematol. Author manuscript; available in PMC 2025 November 01.



Page 19

10930 AUNOo TOpUeI & PUE 9]} SIY) UI PA)SI] sa[qerTea a1} Surpnjour inq (asdejor pue § 14 10J
€617 pue SO 10J 067 =U) 9[qe[ieae AdeIoy) 9oULULIUTRUI UO EJEP Y)IM PUE SYIUOW ¢ Je JUdAD Jnoyim sjuened Afuo Surpnjour jopows yrewpue| ojetedods & ur pojeSIISOAUL Sem OPIWOPI[eUd] JO UOTIRIOOSSE O],
*

-osuodsor Jour YA “OsedsIp 9[qes (S ‘dsuodsor [enaed :yd ‘osuodsar [enied pood K10 YJOA ‘dsuodsar a1o1dwod ) ‘ewopAw opdnnur
TN TBAIOIUT S0UIPIFUOD () ‘oryel pIezey ~YH ‘Aijeriowr asde[aI-uou JJARIN ‘TeAIAINS 931F UorssaIford 1S Jd ‘TEAIAINS [[BISA0 (SO IUIOdPUS 3T} 10J JSLI PISEIIOUT UL Y)IM PIJRIVOSSE ST [< YH :SUONEBIAIQQY

Am J Hematol. Author manuscript; available in PMC 2025 November 01.

Garderet et al.

700 (80'T-00'D ¥O'T  +5°0 (10'1-860) 00T 660 (10'1-66'0) 00T +1°0 (+0'1-66'0) 0’1 (10w syuow 9 3od)  LOH-SISOuSeIp [eAId)u]
10000>  (6+'T+#9° 1) 20T 10000> (SST-8€'T) 9’ T  10000> (8S'T-I+'D 6¥'T  10000> (6€T961) 91T 11
€0000 (6L T-61I'D 9T 10000> (6T 1-ST'D)TTT  10000> (OCT-91'D €T  10000> (LY T-LET) IS'T II
001 001 00T 001 I sisougeIp je SSI
7000 @S T-11'DTET  10000>  (EL1-LS'DSOT  10000> (0L 1-SS'DTOT  10000> (0€T961) €1°C Y3y
001 001 00T 001 piepuels HSHE daUIZ0IL)
19°0 (I€T¥80)+0'T  €0000  (61'1-SO'DTI'T  +0000  (6I'I-SO'DTI'T 900 (TT1-00D 01’1 ureyo 31y
10000>  (06'1-8T°1)9S'T  10000> (I€I-LI'D¥TT  10000> (F€1-61'D9TT  10000> (95 1-0€1) TH'l V3]
001 00T 00T 001 D3] uoneEIYISSed NI
SH0 (01'1-08°0) ¥60 100 (66'0-06'0) ¥6'0  S00°0 (86'0-06'0) ¥6'0 800 (10'1-L8°0) €60 o[ewo ]
001 001 00°1 001 SleN 19pusD)
d (ID %S6) ¥H d (ID %$6) ¥H d (ID %$6) ¥H d (D %S6) ¥H
d TN d asdefoy d SdAd d SO SINSLIdIRIRYD [BITUI]D
‘sjuonyed

€.861 NN pue osde[o1 ‘S,Id o ‘SSE0T POpNoul [opotl SO Y.L, ‘SISOuTeIp Je sO1sLIojoeIeyd 0} SuIpiodde syuoned Jo SWOIINO UO SISA[eUR J[qeLIBAI[NA

'V :Z 9|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 20

Garderet et al.

199]J9 AUNOd WOpURI B pue d[qe) S} Ul PA)SI] s[qeLiea a1y} Jurpnjour jng (asdejal pue §,1J 107

€S.T Pue SO 10} $067 =U) d]qe[reae Adeioy) odueudjuTElI UO BJEP Y)IM PUE SYIUOW ¢ JB JUIAD Jnoyim syuaned A[uo Jurpnjour jopour yrewpue] djesedos € ur pajeSnsoAul sem opIuIOpI[eUd] JO UOHRIOOSSE dY ],
¥*

*9suodsor Jouru YA “OSedsIp d[qes (S dsuodsai [enaed :yd ‘osuodsar [enaed pood A1 YJOA ‘dsuodsar a301dwod ) ‘ewopAw opdnnur

AN ‘TRAIDIUT 9OULDPLUOI ) ‘onjel pIezey -YH ‘Ajerout asde[oI-uou JJARIN ‘TeAIAINS 921] U0Issa1301d :§Jd ‘[RAIAINS [[BISAO :SO IUIOdPUD AT} 10J JSLI PISBIIOUL UL Y)IM PAIRIJOSSE SI [< YH :SUONRIAIQQY

10000>  (L8T-€S D 60T 10000> (96 T-€C1) 19T 10000> (L8T-€S'T) 60T SUON
€00 L1091 10000> (09 T-0T1) 6€T €00 (8L'1+0'1) 9€°1 RE1iTe)
001 00'1 001 aprwopijeua| & PUEURQUIEA
€00°0 LoT-1rn9ct 600 (F1'1-66'0)90'T 100 Ori-coneot 1o (61'1-96'0) LO'T 01 uereydpn
001 001 001 001 00¢ uereydjp Surwonipuo)
10000>  (TI'L=90°7) €8°€  1000°0> (L9'€=THT) 86T  10000> (EL°€-TST) LOE  10000> (90'L—9¢F) ' uorssorgord/osdejoy
1000°0>  (6S°€-LL' 1) TS'T  10000> (+0'T-19°'D 18T  10000> (11'T-89°'1) 88T  10000> (29'T+8'1)0TT AW/as
$0000  (€0TCTD8ST  10000> (LOT-€F'D¥ST  10000> (L9 TP SST  10000> (€9 1-8T D) ¥¥'1 Ad
€570 OFT-+8°0) 60T  10000> (O T-LI'DITT  10000> (FET-91'D)STT 100 (TeTv0D LTI AdOA
001 001 001 001 R} LOH Je d3e)s asedsi(q
10000> (47T TET €60 LO'T-¥6'0) 00T SI°0 (TI'1-86'0) SO'T  10000> (S T1—L1'1) 0€[ (€2) ysiH
100°0 O8T-ST' DT 690 (S0'1-€6'0) 660 S9°0 (80'1-960) T0'T  900°0 LTIH0 D ST'T (z—1) orerpouwsojuy
00'T 00'T 001 001 (0) moT 2108 YSLI [D-LOH
200 910D 1€T 200 (SI1-10'D 80T 10000> (SI'I=SO') OI'T  10000> (b 1-L1'1) 6T'1 06>
001 00T 00'T 001 001  LOH & 2103s Aysjouteyq
zro (10'1-68°0) S6'0  1000°0> (€6'0-06'0) 160 1000°0> (£6'0-06'0) 60  10000> ($6'0-68°0) T6'0 (307e] JEAL 30d) LOH Jo xeax
$0000 (191D 6TT 100 (66'0+6'0) 960 £T°0 (10'1-96'0) 860 S00°0 (1’1201 LO'T  (osearour 1eak ([ 12d) LOH 3& 38V
d (1D %$6) ¥H d (ID %S6) ¥H d (ID %$6) ¥H d (ID %S6) ¥H
d TA\IN d asdefoy d Sdd d SO SINSLIdILIRYD [BIIUI]D

‘sjuonyed

Am J Hematol. Author manuscript; available in PMC 2025 November 01.

€L861 INN pue osde[a1 ‘S Id o ‘SSE0T papnoul [opoul SO Y.L “ILDH e SonsLoloeteyd 03 Surpiodoe syuoned Jo owoono uo SISAeue o[qeLIBANNA]
‘g :z a|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



