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Abstract

Background: Consolidative autologous hematopoietic stem cell transplantation (AHCT) is
commonly used for multiple myeloma (MM) patients. We studied AHCT utilization and outcomes
in MM patients =75 years.

Methods: MM patients 275 years receiving AHCT between 2013 and 2017 in the United States
(US) were identified using the CIBMTR database. Relapse and/or progression (REL), progression-
free survival (PFS), and overall survival (OS) were modeled using Cox proportional hazards
models. Covariates used were age, sex, Karnofsky performance score (KPS), HCT-comorbidity
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index (HCT-CI), International Staging System and/or Durie-Salmon stage, high-risk cytogenetics,
melphalan (Mel) dose, and disease status at and 1 year after transplant. AHCT utilization rate
using the SEER database was used to estimate specific incidence among =75 years by race and
gender.

Results: Of 360 patients; 63% male, 84% white, 56% had KPS <90 and 57% had HCT-CI =3.
The 100-day transplant-related mortality (TRM) was 1% (0-2%) with two-year REL rate of 27%
(95% Cl, 22-33%), PFS of 66% (95% CI, 60-72%) and OS of 83% (95% CI, 78-87%). On
multivariate analysis, only high-risk cytogenetics were associated with REL risk and decreased
PFS. In white males, transplant utilization rate was 5.2-5.8% compared to 3.5-4.0% in African-
American males (P 0.02). There was 3.37-3.79% transplant utilization in white females compared
to 1.88-2.12% in African-American females (P <0.01).

Conclusions: The use of AHCT was associated with excellent 2-year outcomes in this selected
MM population =75 years. Transplant utilization for =75 years remains low with significant racial
and gender disparities.

Precis:
Among newly diagnosed myeloma patients =75 years, the stem cell transplant utilization rate
was significantly lower in African Americans - females>males, compared to whites, while
overall outcomes remain excellent for this selected population. Only high-risk cytogenetics were
associated with inferior outcomes.

Keywords
Elderly; myeloma; hematopoietic; transplantation; utilization

Introduction

Multiple myeloma is a hematologic malignancy of older adults with a median age at
diagnosis of 66-70 years in the US.1 2 The Center for International Blood and Marrow
Transplant (CIBMTR®) database shows that the utilization of transplants over the age of 70
has increased annually from 2000 to 2018 in MM and other hematologic malignancies.3 We
recently reported the effectiveness of upfront AHCT in the current era of novel therapies
with similar progression-free survival (PFS) and non-relapse mortality (NRM) in patients
aged 70 years or older compared with MM patients 60-69 years old. 4

However, the utilization of AHCT for MM in older age groups remains low.>~7 Data
regarding the outcomes of upfront AHCT in MM patients =75 years and older are few.8-12
Aging may lead to a decline in organ function and, at times, cognitive function as well

as concerns for drug tolerability. Many clinical trials of AHCT have upper age limits and
consequently, the safety and outcomes of transplant in these patients outside of single
center series are largely unknown.13 Further, concerns regarding the use of standard dose
melphalan 200mg/m? may limit AHCT to a younger population by physician choice or
frailty concerns, though this has not been prospectively evaluated. Single center studies
show low rates of TRM from AHCT with improved supportive care in this elderly
population.}4 Thus, AHCT can be a safe option in the treatment of selected fit elderly
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patients.1> We therefore studied AHCT utilization and outcomes in MM patients aged =75
years in the US. We used the CIBMTR database as described below.

Materials and Methods

Data Source

Patients

The CIBMTR is a working group of more than 500 transplantation centers worldwide that
contribute detailed data on HCT to a statistical center at the Medical College of Wisconsin
(MCW). Participating centers are required to report all transplantations consecutively

and compliance is monitored by on-site audits. Computerized checks for discrepancies,
physicians’ review of submitted data, and on-site audits of participating centers ensure data
quality. Data are collected at two levels: transplant essential data (TED) and comprehensive
report form (CRF) data. TED data include disease type, age, gender, pre-HCT disease
stage and chemotherapy-responsiveness, date of diagnosis, graft type, conditioning regimen,
post-transplant disease progression and survival, development of a new malignancy, and
cause of death. All CIBMTR centers contribute to TED data. More detailed disease and
pre- and post-transplant clinical information is collected on a subset of registered patients
selected for CRF data by a weighted randomization scheme. TED- and CRF-level data are
collected pre-transplant, 100-days, and 6 months post-HCT and annually thereafter or until
death. Data for the current analysis were retrieved from TED report forms as our intent was
to capture all patients registered with the CIBMTR. Reporting of autologous HCT to the
CIBMTR is voluntary, however, it is estimated that over 80-90% of MM AHCT activity in
the US was reported to the CIBMTR during this period.16

Observational studies conducted by the CIBMTR are performed in compliance with all
applicable federal regulations pertaining to the protection of human research participants.
The MCW Institutional Review Board approved this study.

Included in this analysis were consented adult (= 75 years) MM patients undergoing a single
AHCT within 12 months from diagnosis between 2013 and 2017 in the US after melphalan
conditioning. The TED dataset was used in this study and provided data on patient (age,
gender, race, Karnofsky performance score [KPS], HCT comorbidity index [HCT-CI]),
disease (immunoglobulin subtype, International staging system [ISS], cytogenetics) and
transplant (time from diagnosis to transplant, disease status at transplant, Mel conditioning
dose and year of transplant) related covariates.

The incidence of MM was obtained from the Surveillance, Epidemiology and End Result
(SEER) Program of the US National Cancer Institute. SEER data are derived from registries
covering approximately 27.8% of the US population; we used SEER 18 database, which
contains patients diagnosed from 2002—-2016. Using publicly available software which also
provides US population estimates (SEER*Stat, version 8.3.2), we calculated incidence rates
per 100,000 persons for the years 2013-2016 by age, race, and sex. We combined MM
incidence derived from the SEER program with transplantation activity reported to the
Center for International Blood and Marrow Transplant Research for the period 2013-2016.
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Definitions and study endpoints

Non-relapse mortality (NRM) was defined as death from any cause in the absence

of relapse/progression. Relapse/Progression (REL) was defined by IMWG criteria.
Progression-free survival (PFS) was defined as the time from transplantation to relapse,
disease progression or death from any cause. Overall survival (OS) was defined as the time
from transplantation to death from any cause.

Statistical Analysis

Results

Outcomes

Patient characteristics were summarized using descriptive statistics. Cumulative incidences
of NRM and disease REL were calculated accounting for competing risks. Kaplan-Meier
estimates were used to calculate the probabilities of PFS and OS. Multivariate analysis of
PFS and OS was conducted using the Cox proportional hazards regression analysis to assess
the main effect, age at transplant, adjusting for key patient-, disease-, and transplant-related
covariates. The assumption of proportional hazards for each covariate in the Cox model

was tested using time-dependent variables. A stepwise model selection approach was used
to identify covariates associated with outcomes. Factors significant at the 5% level of
significance (£ <0.05) were kept in the final model. Hazard ratio (HR) with 95% confidence
intervals (CI) were shown. Statistical analysis was performed using SAS v9.2 (Cary, NC).

Next, an estimate of the US transplant rate was calculated — this was defined as new AHCT
in a given year by newly diagnosed number of MM for that year, The number of new AHCT
each year was calculated as the number of AHCT reported to the CIBMTR divided by the
CIBMTR autologous transplant capture rate. Since, the estimate of the CIBMTR capture
rate during this time was 80-90%, a sensitivity analysis was performed to provide a range to
the rate for +/-5% for the transplant utilization rates each year.

Table 1 shows the overall patient population included in this study (N=360), who were

75 years or older. The median patient age was 76.3 years (range, 75-83.2 years). The
majority of patients were white (84%) and 12% were African American. Sixty-three
percent were male. Majority had a KPS <90 (56%), or HCT-CI >=3 (57%), and stage Il
disease (Durie-Salmon/International Staging System, 53%). High-risk cytogenetics [t(4;14),
t(14,16), t(14;20), del 17p, +1q or 1p del, del 13q or hypodiploidy on cytogenetics)] were
reported in 32%, with 19% patients missing this data. At pre-transplant timepoint, 57% of
patients were in very good partial response (VGPR) or better. Nearly 29% of the patients
received Mel 200 mg/m?2; 71% received Mel 140 mg/m2. Supplemental Table 1 shows the
breakdown of Mel dose by age at AHCT. Additionally, post-AHCT maintenance therapy
was planned in 27% patients. The median follow-up of survivors was 24 (3-63) months. At
a median follow up of 24 months (3-63), second cancers were seen in 16 patients (4.4%).

The 100-day NRM was 1 (95% CI, 0-2)%. At 2 years, the rate of REL/progression was 27%
(95% Cl, 22-33%), PFS was 66% (95% CI, 60-72%) and OS was 83% (95% ClI, 78-87%)
(Figure 1, Table 2). Multivariate analyses for relapse/progression, PFS and OS are shown
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in Table 3. Only high-risk cytogenetics were associated with relapse/progression (HR 2.15,
95%Cl, 1.29-3.58, £0.003) and decreased PFS (HR 1.63, 95%ClI, 1.04-2.57, £0.033). No
difference was seen in outcomes between Mel 140 or Mel 200 conditioning dose. Other
factors including stage (I/11 versus 111 ISS/DS) disease, and disease status at HCT were not
associated with outcomes.

Transplant Utilization Rates

The MM incidence rates, by sex and race, in the age group 75-79 years from 2013-2016
using SEER data are reported in Table 4. For a white male aged 75-79 years, transplant
utilization rate estimate was 5.19-5.84% compared to 3.53-3.97% for an African American
male in the same age group (£0.02). Among females, there was 3.37-3.79% transplant
utilization in whites compared to 1.88-2.12% in African American females (£ <0.01).

Discussion

Myeloma is a disease of those aged 70 or above but the predominant age group receiving
AHCT are in the 60-69 age range.: 2 A large CIBMTR study analyzing 15,999 MM
patients receiving upfront AHCT from 2013-2017, recently showed that patients =70 years
have comparable outcomes to patients aged 60-69 years.# This analysis also revealed that
age =70 years was not associated with adverse outcomes and that the use of Mel 200 mg/m?
was associated with superior outcomes. The current analysis of patients aged 75 years or
older represents the largest number of older MM patients receiving upfront AHCT. Based on
this the following conclusions can be drawn: 1. Selected patients >=75 years can undergo
transplant safely with an acceptable TRM, 2. Outcomes in AHCT recipients are excellent
and comparable to those in 60-69 years reported in the prior study [4], 3. Overall transplant
utilization among the 75-79-year population remains extremely low with significant racial
and gender disparities.

A prior CIBMTR analysis of 11,430 MM patients (>70 years = 946) receiving AHCT within
24 months of diagnosis showed that older patients were less likely to receive transplantation
within the first year of diagnosis and more likely to have Mel dose reduction.1” In this
study, 146 patients were =75 years and 8 patients were =80 years. Two-year survival in
patients 75-79-years old and =80-years-old was 91% (83% to 95%) and 100%, respectively.
The perception that advanced age by itself bars eligibility to AHCT is therefore not true.
Several studies now show that physiological fitness rather than chronological age should

be a criterion for patient selection for high dose MEL based AHCT in general.% 18 Our

data similarly show relapse and PFS is affected by presence of high-risk cytogenetics. Our
results do not show any difference in outcomes based on Mel dose, potentially due to low
power, patient selection and low numbers of patients =75 years. The majority of patients
had dose reductions in Mel as expected in this older patient population while a subset of
predominantly 75 or 76 years old patients received Mel 200 mg/m2.

The smaller number of transplant centers in this study when compared to centers reporting
to the CIBMTR reflects that fewer centers offer AHCT to elderly myeloma patients. Several
smaller studies also show the safety and feasibility of AHCT with high dose Mel in the
elderly patients.19- 11. 19 Muyta et al. compared results of 25 elderly (ages 65-76 years) MM
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patients undergoing AHCT with a younger control group (aged 51-64 years) receiving Mel
100-120mg/m?2 or Mel 180-200mg/m? showing similar outcomes.10 Colleagues from the
Mayo Clinic, Rochester recently reported data on 50 newly diagnosed MM patients = 75
years receiving first AHCT between 2005 through 2020.11 Fifty percent of patients received
lower dose Mel140 mg/m? while 48% patients safely completed AHCT without requiring
hospitalization. Fever or infection (32%), cardiac arrhythmia (36%), and dehydration (32%)
were the most common reasons requiring hospitalization, (n = 26, 52%). Median OS and
PFS were 82 months and 33 months, respectively showing feasibility of this treatment.
100-day TRM was 2% (n=1).

Another important finding in our study includes a significant gender and race disparate
utilization rates for AHCT utilization in MM. In a CIBMTR study from 1995-2005, it was
noted that African American recipients were younger but more likely to be transplanted
later in their disease course compared to whites.20 The overall outcomes after AHCT

were similar for both races despite the delay in administration of the AHCT. In a recent
study of 28,450 MM patients receiving AHCT, lower stem cell utilization rate (STUR)
was noted amongst Hispanics (8.6%-16.9%) and non-Hispanic Blacks (12.2%-20.5%) than
non-Hispanic whites (22.6%-37.8%).% Fewer patients =60 years received AHCT among
Hispanics (39%) and non-Hispanic blacks (42%) versus non-Hispanic whites (56%). Costa
et al. show 13.8% of AHCT utilizations were affected by racial ethic disparities from
2005-2009. In our study, we also note that utilization rates of AHCT is lower in African
American females (1.88-2.12%, P <0.01) compared to African American males (3.53—
3.97%, P0.01). While there are increasing trends in utilization of early AHCT in the
treatment of MM from 1995-2010,” the SEER-18 study® showed lower relative utilization
of AHCTSs to new cases in non-Hispanic blacks, Hispanics, and Asians. The reasons for
underutilization of AHCT in older females are beyond the scope of this study but perhaps
reflect differences in referral patterns, lack of caregiver support or patient preferences.

With the advent of multiple newer agents and combinations in the treatment of multiple
myeloma, the role of transplant needs to be balanced with other combinations. Induction
regimens that include novel agents like daratumumab has become a standard induction
regimen in ‘transplant-ineligible’ MM with a PFS at 1-year of 83.5%?2! which is comparable
to the 1-year PFS after AHCT in our current study of elderly patients (Table 2, Figure 1).
Other advantages that may favor one treatment option over another would include cost and
ongoing treatment burden for patients. Furthermore, patients would still have the option of
using these at post-transplant relapse rather than using AHCT versus DRd.

The main limitation of our study is that we are only studying patients who underwent AHCT
and do not have a comparison group of similar patients who did not receive AHCT. As
shown by the transplant utilization rate, this is a highly selected patient population. Since we
restricted our analysis to upfront AHCT within 12 months of diagnosis, it is possible, though
unlikely, that there are patients >75 years who receive delayed AHCT at relapse. Our study
does not include details of maintenance therapies and can only postulate that 27% patients
may have received some form of maintenance based on what was reported as an intent to use
maintenance therapy on the data collection forms though this cannot be confirmed. Finally,
geriatric assessment and/or frailty testing as well patient-reported outcomes data would have
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added immense value to the data, but these are not routinely practiced across all centers nor
captured in the CIBMTR data forms at this time.

In conclusion, our data demonstrate that AHCT is safe and effective in selected MM patients
> 75 years and that age by itself should not be a criterion to avoid AHCT referral. These
patients should be referred to transplant centers, just as their younger counterparts, and be
given the opportunity for thorough evaluation to determine transplant eligibility.22 The use
of comprehensive geriatric assessments needs to be studied to better understand functional
capabilities of these patients and their ability to utilize full dose Mel when appropriate.

Data Sharing:

CIBMTR supports accessibility of research in accord with the National Institutes of Health
(NIH) Data Sharing Policy and the National Cancer Institute (NCI) Cancer Moonshot Public
Access and Data Sharing Policy. The CIBMTR only releases de-identified datasets that
comply with all relevant global regulations regarding privacy and confidentiality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Outcomes for multiple myeloma patients =75 years undergoing AHCT at 2 years.
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Baseline Characteristics

Table 1.

Characteristic Total N (%)
Number of patients 360
Number of Centers 83
Age at AHCT, Median age (range) 76.25 (75.01-83.17)
Sex, Male 227 (63)
Self-reported race
Caucasian 303 (84)
African American 44 (12)
Other 3(1)
Missing 10 (3)
Karnofsky score
>90 156 (43)
<90 201 (56)
Missing 3(1)
HCT-CI
0 70 (19)
1 36 (10)
2 51 (14)
3 67 (19)
4 54 (15)
5 33(9)
>6 49 (14)
Stage (ISS/DSS) at diagnosis
Stage 111 190 (53)
Stage I-11 166 (46)
Missing 4(1)
Cytogenetics
No abnormal/Standard risk 177 (49)
High risk 116 (32)
Test not done/unknown 67 (19)
Melphalan dose
MEL 140 254 (71)
MEL 200 106 (29)
Disease status prior to transplant
SCR/CR 53 (15)
VGPR 151 (42)
PR 129 (36)
SD/PD/Relapse 26 (7)
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Characteristic

Total N (%)

Missing 1(0)
Maintenance therapy planned 96 (27)
Median follow-up of survivors (range), months 24 (3-63)

Legend: HCT-CI: hematopoietic cell transplant comorbidity index; I1SS: International staging system; DSS: Durie-Salmon staging; VGPR: Very

good partial response.
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Post-AHCT univariate outcomes

Outcomes N

N =360
Prob (95% ClI)

Treatment related mortality 356
100-day
1-year
2-year

Relapse 356
100-day
1-year
2-year

Disease free survival 356
100-day
1-year
2-year

Overall survival 360
100-day
1-year

2-year

1(0-2)%
3 (1-5)%
6 (4-10)%

3(2-5)%
14 (10-17)%
27 (22-33)%

96 (93-97)%
84 (79-87)%
66 (60-72)%

98 (97-99)%
94 (92-96)%
83 (78-87)%
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Table 3.
Multivariate analysis of outcomes
Outcome N (Events/Evaluable) | Hazard Ratio (95% CI) | p-value
Relapse/Progression
Cytogenetics
No abnormality/Standard risk 28/174 1.00 0.01
High risk 32/115 2.15 (1.29-3.58) 0.003
Not tested/unknown 19/67 1.47 (0.82-2.65) 0.19
1SS/IDSS
I-11 32/163 1.00 0.55
11 47/189 1.29 (0.82-2.65) 0.19
Disease status pre-AHCT
SsCR/CR 15/53 1.00 0.57
VGPR 30/150 0.75 (0.40-1.4) 0.36
PR 271127 0.66 (0.35-1.25) 0.20
SD/PD 8/25 1.17 (0.49-2.76) 0.73
Mel dose
200 17/104 1.00
140 65/252 1.43 (0.83-2.45) 0.20
Progression-free survival
Cytogenetics
No abnormality/Standard risk 41/174 1.00 0.09
High risk 36/115 1.63 (1.04-2.57) 0.03
Not tested/unknown 20/67 1.08 (0.63-1.85) 0.78
1SS/IDSS
I-11 38/163 1.00 0.34
11 59/189 1.36 (0.90-2.05) 0.14
Disease status pre-AHCT
SsCR/CR 16/53 1.00 0.88
VGPR 36/150 0.84 (0.46-1.52) 0.56
PR 36/127 0.85 (0.47-1.54) 0.60
SD/PD 9/25 1.20 (0.53-2.72) 0.66
Mel dose
200 21/104 1.00
140 761252 1.42(0.87-2.31) 0.16
Overall survival
Cytogenetics
No abnormality/Standard risk 201177 1.00 0.48
High risk 17/116 1.49(0.78-2.85) 0.23
Not tested/unknown 11/67 1.13(0.54-2.37) 0.74
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Outcome N (Events/Evaluable) | Hazard Ratio (95% ClI) | p-value
1SS/IDSS
1-11 18/166 1.00 0.42
11 30/190 1.49 (0.83-2.68) 0.19
Disease status pre-AHCT
SCR/CR 8/53 1.00 0.93
VGPR 15/151 0.79 (0.33-1.89) 0.60
PR 21/129 1.08 (0.48-2.45) 0.86
SD/PD 4/26 1.03 (0.31-3.43) 0.96
Mel dose
200 10/106 1.00
140 38/254 1.52 (0.75-3.06) 0.25
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ISS/DSS- International Staging System/Durie Salmon Stage, SCR- stringent complete response, CR- complete response, VGPR- very good partial
response, PR- partial response, SD- stable disease, PD- progression, Mel- high dose melphalan
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Sensitivity analysis of transplant utilization rate estimate, by sex and race

Table 4.

Sex Capturerate Black White  p.yalue®
Female 80%  2.12(2.00-2.24)%  3.79 (3.68-3.91)% <0.01
85%  2.00(1.89-2.11)%  3.58 (3.48-3.69)% <0.01
90%  1.88(L78-1.99)% 3.37 (3.27-3.47)% <0.01
Male 80%  3.97 (3.75-4.21)% 5.84 (5.70-5.99)% 0.01
85%  3.75(354-3.97)% 5.52 (5.38-5.66)% 0.01
90%  3.53(3.33-374)% 5.19 (5.06-5.32)% 0.02

*
Test CIBMTR AUTO HCT transplant capture rate at each year: 80-90% from 2013-2016

a. .
Chi-square test
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