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With a prolonging duration of survivorship, patients with multiple myeloma (MM) who receive high-dose chemotherapy and
autologous hematopoietic stem cell transplantation (auto-HCT) have an increased risk of secondary malignancy, most concerning
acute leukemia. We retrospectively reviewed the records of all patients with MM who underwent auto-HCT between January 1,
2010, and January 1, 2023, who later developed therapy-related acute leukemia (t-AL). Of 1770 patients with MM who underwent
auto-HCT, 18 (1.01%) developed t-AL at a mean interval of 60.0 ± 41.3 months after auto-HCT. The patients with t-AL consisted of 9
(50%) with B-cell acute lymphoblastic leukemia (B-ALL), 8 (44.4%) with acute myeloid leukemia (AML), and 1 (5.6%) with acute
promyelocytic leukemia (APML). All patients had received an alkylating agent as part of induction, and the majority received
lenalidomide as maintenance therapy. Genetic abnormalities of t-AL were consistent with prior reports. Median overall survival from
diagnosis of t-AL was 19.5 months. In patients with t-AL who entered CR, long term survival was common. Further research on
predisposing conditions to developing t-AL in patients with MM undergoing auto-HCT is warranted.
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INTRODUCTION
Multiple myeloma (MM) is a clonal plasma cell proliferative
disorder that represents 10% of all hematological malignancies
and is responsible for 20% of deaths from hematological
malignancies [1, 2]. Multiple novel therapies including immuno-
modulators, proteasome inhibitors, and CAR-T therapy have
resulted in a significant improvement in the survival of MM
patients [3–5]. Despite this, myeloma remains the leading
indication for autologous stem-cell transplantation (ASCT) which
is considered to be the standard of care for these patients [6, 7].
While PFS and OS for MM have drastically improved with
utilization of ASCT, treatment-related complications such as
infections and organ system failure remain a persistent challenge
[7–9].
Treatment-related acute leukemia (t-AL) is a well-recognized

complication occurring following exposure to cytotoxic che-
motherapy or radiotherapy including in those who receive ASCT
[10]. The cumulative risk of t-ALs for MM patients receiving ASCT
has varied widely from 1.1% to up to 24.3% after ASCT [11, 12].
Several chemotherapeutic agents have been associated with the
development of t-ALs in MM patients including lenalidomide and
etoposide [13]. The development of t-AL has been associated with
considerable morbidity and poor survival due to high-risk
cytogenetics and frequent TP53 mutations [14–16]. Many of these
studies however have been conducted prior to the advent of

several new chemotherapeutics for the treatment of acute
leukemias which have revolutionized survival in these patients.
This study aims to investigate the clinical characteristics and
treatment outcomes of patients who developed t-AL after ASCT
for MM

METHODS
A single-institution study of patients with a diagnosis of multiple
myeloma who subsequently received an autologous transplant from
January 1, 2010, to January 1, 2023, was performed via query of the
University of Pennsylvania Cancer Registry. All patient charts were
manually screened and patients who subsequently developed acute
lymphoid or myeloid leukemia as defined by the 2016 World Health
Organization classification were included within this study [17]. Patients
with a diagnosis of myelodysplastic syndrome who did not progress to
acute leukemia were excluded from this study. Patient demographics,
molecular diagnostics, treatments received, and clinical outcomes were
obtained and reviewed from the electronic medical record in accordance
with the University of Pennsylvania Institutional Review Board and the
Declaration of Helsinki.
All statistical tests were conducted using R v4.3.2. Baseline character-

istics were assessed via independent t-test, Fisher’s exact test, and 2-sided
Pearson chi-square analysis as appropriate. Survival analysis was con-
ducted using Kaplan Meier methodology. Overall survival (OS) and
progression free survival (PFS) were censored at date of last follow-up. A
p value of <0.05 was deemed significant.
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RESULTS
At our institution, 1770 patients underwent their first autologous
SCT for MM during the specified time period. Of this cohort, 18
(1.01%) developed acute leukemia at a mean interval of
60.0 ± 41.3 months after autologous SCT for MM. Only two
patients received NGS testing prior to t-AL diagnosis with neither
exhibiting clonal hematopoiesis. Of patients who developed acute
leukemia, the median follow-up was 102 months (range 3.2-
301.5 months). Baseline patient demographics are shown in
Table 1. The majority were female (66.7%) and white (83%). All had
an ECOG of 0 or 1. Most patients (83%) had IgG myeloma and 78%
exhibited Kappa light chain predominance.
Of patients who developed acute leukemia, 9 (50%) had B-cell

acute lymphoblastic leukemia (B-ALL), 8 (44.4%) had acute
myeloid leukemia (AML), and 1 (5.6%) developed acute promye-
locytic leukemia (APML). The time from transplant to development
of acute leukemia is depicted in Fig. 1. Median time to

Table 1. Patient Demographics and disease characteristics within
study population.

Characteristic Value (%)

n= 18

Sex

Male 6 (33%)

Female 12 (67%)

Race

White 15 (83%)

Black 3 (17%)

Age at First Diagnosis (mean ± SD) 62.7 ± 8.4 years

ECOG

0 6 (33%)

1 12 (67%)

Myeloma Type

IgG 15 (83%)

IgA 3 (17%)

Kappa/Lambda

Kappa 14 (78%)

Lambda 4 (22%)

Stage (ISS)

I 2 (11%)

II 12 (67%)

III 4 (22%)

Pre-HCT Exposure

Lenalidomide 18 (100%)

Alkylating Agent 2 (11%)

Topoisomerase 0 (0%)

Leukemia Type

AML 8 (44%)

APML 1 (6%)

B-ALL 9 (50%)

Top Recurrent Mutations

DNMT3A 6 (33%)

TP53 5 (28%)

ETV6 4 (22%)

RUNX1 4 (22%)

GATA2 3 (17%)

NOTCH2 3 (17%)
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Fig. 1 Histogram depicting time to diagnosis of post-transplant
acute leukemia from time of ASCT.

Table 2. Treatment overview of patients included within the study.

Characteristic Value (%)

n= 18

Treatment Lines prior to Transplant

1 12 (67%)

2 4 (22%)

3 2 (11%)

First line treatment

Lenalidomide, Bortezomib, and Dexamethasone 15 (83%)

Daratumumab, bortezomib, cyclophosphamide, and
dexamethasone

3 (17%)

Second line treatment

None 12 (67%)

Lenalidomide, Dexamethasone 3 (11%)

Carfilzomib, Lenalidomide and Dexamethasone 2 (11%)

Daratumumab, bortezomib, cyclophosphamide, and
dexamethasone

1 (6%)

Third line Treatment

None 16 (89%)

Pomalidomide, dexamethasone 2 (11%)

Stem Cell Mobilization

Cytoxan 18 (100%)

Conditioning

Melphalan 18 (100%)

GVHD

No 17 (94%)

Yes 1 (6%)

Maintenance

Lenalidomide 12 (67%)

Bortezomib 6 (33%)

Number of Treatments for Acute Leukemia

1 9 (50%)

2 7 (39%)

3 2 (11%)

Acute Leukemia Remission

No 8 (44%)

Yes 10 (56%)

Myeloma Remission

No 3 (17%)

Yes 15 (83%)
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development of t-AL from transplant was 60.1 months
(46.5 months for t-ALL and 74.7 months for t-AML). Treatment
data prior to transplant is summarized in Table 2. Median lines of
treatment prior to transplant was 1 (range 1-3). No patients
received CAR T or bispecifics at any time point during their
treatment course. All patients received cyclophosphamide for
mobilization and melphalan conditioning. Twelve (67%) were
exposed to maintenance lenalidomide with the remainder
receiving bortezomib maintenance (6, 33%).
The most frequently mutated genes via next-generation

sequencing at the time of leukemia diagnosis were DNMT3A
(6, 33%), TP53 (5, 28%), ETV6 (4, 22%), and RUNX1 (4, 22%). Two
patients (11%) had next-generation sequencing prior to t-AL
diagnosis without any alterations noted and the remainder (16,
89%) did not have next-generation sequencing performed prior to
t-AL diagnosis. Three (37.5%) patients with AML had complex
cytogenetics and two (22.2%) patients with B-ALL had BCR: ABL
fusions. The one patient with APML had a positive 15:17
translocation.
Of the patients with AML, the majority (7/8, 87.5%) received

azacitidine/venetoclax in the first line with the remaining patients
receiving daunorubicin and cytarabine. Treatment for t-BALL was
much more heterogeneous with 4 (44.4%) patients receiving mini-
CVD with inotuzumab, 3(33.3%) patients receiving Hyper CVAD, 1
(11.1%) patient receiving VCR and 1 (11.1%) patient receiving
Blinatumomab in the first line. The patient with APML was treated
with arsenic and ATRA. No patients went on to receive allogeneic
HCT as a treatment for their t-AL.
Median overall survival for the entire cohort from time of tAL

diagnosis was 19.5 months (Fig. 2a). Median OS for t-AML was
shorter at 16.5 months compared to t-ALL (not reached) although
this difference was not statistically significant (p= 0.08, Fig. 2b). At
last follow up, 15 (83%) patients with tAL achieved MM remission,
which was not associated with overall survival (8.19 years vs 10.50
years from time of transplant, p= 0.35; Fig. 3a) in this cohort. Two
patients (11%) had myeloma relapse before tAL, and one patient
(6%) had myeloma relapse 6 months after tAL. Ten patients were
in acute leukemia remission at the time of the last follow-up. The
presence of leukemia remission was significantly associated with
overall survival (19.2 months vs mOS not reached p < 0.001,
Fig. 3b).

DISCUSSION
In the current era of autologous SCT and many new anti-myeloma
therapies, there is a longer duration of survivorship in MM and a
higher likelihood of development of a second primary malignancy.
Though the overall risk of development of a second primary
malignancy is not higher than cohorts matched across demo-
graphic variables, there is an increased incidence of therapy-
related myeloid malignancies after autologous SCT [18]. Our
results further elaborate on the risk of t-AL development after
autologous SCT for patients with MM.
In our cohort, we report a 1.01% risk of t-AL development after

autologous SCT for MM which approximates prior reports. This is
about half the reported incidence rate of 2% reported in a 2023
retrospective study at a median follow-up of four years [15]. A
recent CIBMTR analysis demonstrated an observed-to-expected
(O/E) ratio of 5.19 of AML development, significantly higher than
the expected rate. This study only reported 8 AML or myelodys-
plastic syndrome (MDS) diagnoses in total for a cumulative
incidence rate of 0.5% at 3 years and 1.51% at 7 years as well as
only 3 incidences of ALL diagnoses post-transplant [18]. In the
pivotal phase 3 DETERMINATION trial, second primary hematolo-
gic cancers occurred within 5-years in 13 (3.6%) patients in the
transplantation 10 of which developed AML/MDS [19].
While our study did not specifically assess risk factors for the

development of t-AL, prior studies have reported exposures that

may increase risk. Older age at diagnosis appears to be a
consistent risk factor across multiple studies for AML development
[11, 15, 18]. Male sex and exposure to three or more prior
chemotherapy regimens also appear to be risk factors for AML
development [11, 18]. In this cohort, patients with t-ALL had worse
overall survival than patients with t-AML, although not statistically
significant. This is consistent with known outcomes measures for
patients with primary ALL vs AML although a direct comparison in
the post-transplant setting has not yet been established to the
authors’ knowledge.
Multiple studies have also shown that exposure to alkylating

agents is also associated with the subsequent development of
acute leukemia across cancer types. Interestingly, all patients in
our cohort had received cyclophosphamide as part of their
mobilization regimen. Recent studies have shown that receipt of
alkylating agents as induction for multiple myeloma is associated
with increased incidence of tAL and inferior OS after t-AL
diagnosis [15, 16]. Furthermore, in cohorts of patients with
lymphoma who underwent autologous transplantation, those
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who received prolonged standard-dose alkylating agent therapy,
rather than alkylating agents only during conditioning, demon-
strated a significantly higher rate of t-MDS/AML development [20].
Receipt of lenalidomide also appears to be a significant risk

factor for AML development. In our cohort, the majority of
patients who developed t-AL have received lenalidomide main-
tenance therapy. Prior exposure to thalidomides is associated with
TP53 mutations in t-MDS/AML, and treatment with lenalidomide
in vitro and in vivo provides a selective advantage to Trp53-
mutant hematopoietic stem and progenitor cells providing a
possible mechanistic reasoning for this increased incidence [21].
Lenalidomide has demonstrated PFS benefit in multiple landmark
trials, namely CALGB100104 [22] and IFM2005-02 [23]; however,
they both also demonstrated a numerically higher incidence of
hematological malignancy (8 versus 1 and 13 versus 5, respec-
tively) in the lenalidomide-treated arms versus control arms. In a
patient-level meta-analysis including these trials, there was an
increased incidence of hematologic second primary malignancy
(5.3% for lenalidomide, 0.8% for control) with lenalidomide.

Notably, the rate of progressive MM is far higher than the risk of
second malignancy, and the time to progression of MM and OS
was longer in lenalidomide arms. As well, time to death because of
second primary malignancy or adverse event was no different
between lenalidomide and control arms [24].
Notably, no patients within our cohort received certain immune

therapeutics including bispecific antibodies and CAR-T cell
therapy. Secondary malignancy is a well-recognized risk after
commercial CAR T including CD19 and BCMA subtypes [25]. A
recent large single-institution study showing that at a median
follow-up of 10.3 months, 16/449 patients (3.6%) had a secondary
primary malignancy [26]. These secondary malignancies range
from secondary solid cancers, lymphomas, and acute leukemias
and little is known regarding patients who may be at higher risk
for the development of these cancers. As these therapies become
more prevalent, the recognition and swift treatment of these
cancers will become paramount.
Our analysis has multiple limitations. As a retrospective study,

there is a risk of selection bias and potential incomplete data
collection. The small number of patients who developed t-AL
precluded analysis of outcomes outside of survival data. As our
goal was to report the prevalence, molecular features, and
treatment outcomes of patients developing t-AL, we did not
perform any analysis to compare this group to those who did not
develop t-AL as the small number of events would have
underpowered such a design. Furthermore, it is difficult to directly
compare our incidences and treatment outcomes for t-AL with
prior studies given the constantly evolving treatment landscape
for both multiple myeloma and acute leukemia. For instance, no
patients within this cohort received bispecific antibodies or CAR-T
therapy which are rapidly becoming integrated into the treatment
paradigm for multiple myeloma. Conversely prior treatment lines
associated with t-AL from much earlier studies of multiple
myeloma were not represented within the patients within this
study limiting our ability to directly compare treatment cohorts.
In summary, our results further elaborate on the risk of t-AL

following autologous SCT for MM. We confirm a relatively rare
incidence rate with poor outcomes in this population in those who
did not reach CR. In patients with remission at last follow up
however, long term survival is common. These findings will
hopefully encourage further awareness of secondary malignancies
in a population with prolonged survivorship durations.
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