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Abstract: This large population-based study determined the epidemiology and outcomes of secondary acute my-
eloid leukemia (sAML) in multiple myeloma (MM) survivors using the Surveillance Epidemiology and End Results 
(SEER) Research Plus 9 database. To identify 64,753 cases of MM which included 136 cases with sAML; these 
patients were juxtaposed with patients with de novo AML from the same database. Younger MM patients who re-
ceived chemotherapy (ChT) had a higher sAML risk. The novel agent era saw a decreased sAML incidence (0.15% 
vs. 0.26%) and shorter latency period (median: 56 vs. 66 months, P=0.031). Compared to de novo AML, sAML pa-
tients were older (median age 69 vs. 68 years, P=0.027), less likely to receive ChT (51.9% vs. 67.4%, P<0.001), and 
had inferior overall survival (OS) (median OS: 2 vs. 5 months, P<0.001). Multivariate Cox regression revealed that 
younger diagnosis age, diagnosis after 2003, and ChT were associated with prolonged OS in sAML patients. Clini-
cians should be aware of the sAML risk in younger, intensively-treated MM patients. Given the poor sAML prognosis 
compared to de novo AML, clinical trials of novel therapies based on age, geriatric assessment, and cytogenetic 
features are warranted.
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Introduction

Multiple myeloma (MM) is a malignancy cha- 
racterized by neoplastic plasma cell prolifera-
tion and monoclonal immunoglobulin produc-
tion, leading to a wide spectrum of target-organ 
damage. It accounts for an estimated 1.2% of 
new cancer cases and 2% of cancer deaths in 
the United States [1], predominantly affecting 
older and male patients. Over the past seve- 
ral decades, conventional MM chemotherapy 
(ChT) includes melphalan, prednisone, cyclo-
phosphamide, vinca alkaloids and anthracy-
clines. Radiation therapy (RT) is potentially 
curative for localized disease (solitary plasma-
cytoma) but is typically reserved for palliative 
bone disease therapy. The incorporation of 
novel agents (immunomodulatory agents, pro-
teasome inhibitors, monoclonal antibodies) 
and increased autologous hematopoietic stem 
cell transplantation (HSCT) use since 2003 
have significantly improved MM patient surviv-

al, with median survival times now ranging from 
5 to 8 years [2, 3].

As improved survival leads to an extended MM 
patient lifespan, second primary malignancies 
(SPMs) have emerged as a long-term risk. Leu- 
kemias, particularly secondary acute myeloid 
leukemia (sAML), account for the most signifi-
cant cancer excesses following MM diagnosis, 
with sAML rates 8.19 times higher than in the 
general population [4]. Incidence rates of sAML 
depend on follow-up duration and therapy  
type. sAML risks start to increase 12 months 
post-MM diagnosis and elevate significantly 
5-10 years post-initial diagnosis. This increased 
sAML risk likely reflects more intensive MM 
treatment regimens, often administered for 6 to 
12 months or longer [5-7].

The pathogenesis of sAML post-MM is com- 
plex, involving multiple proposed pathogenic 
pathways [8]. A combination of intrinsic (biolog-
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ic-related, disease-related) and extrinsic (treat-
ment regimens, duration, environmental fa- 
ctors) risk factors contribute to MM patient 
molecular heterogeneities [7]. Various cytoge-
netic abnormalities can lead to aberrant gene 
transcription, resulting in dysfunctional pro-
teins. These abnormal proteins eventually drive 
deregulated cellular proliferation and apopto-
sis, ultimately resulting in aberrant cell growth 
and leukemogenesis [9].

While the incidence of sAML after MM dia- 
gnosis is highlighted in numerous literature 
sources, there is a distinct lack of data regar-
ding outcomes of MM survivors who develop 
sAML, warranting future research focus [7]. The 
aim of this study was to discuss the character-
istics, risk factors, and survival of sAML devel-
oping after MM juxtaposed with de novo AML.

Methods

The Surveillance, Epidemiology, and End Re- 
sults (SEER) database is a mandatory national 
registry that provides data on cancer cases 
throughout the United States. The SEER Re- 
search Plus 9 database (1975-2018) was used 
to identify cases diagnosed with MM using  
the International Classification of Disease for 
Oncology, third edition (ICD-O-3) code 9732/3. 
Following prior studies, inclusion criteria were 
age 18 or older and a defined diagnosis of 
sAML with a latency of at least 12 months 
between MM and AML occurrences accord- 
ing to the Warren and Gates criteria [5, 10]. 
Exclusion criteria included sAML cases with 
more than two primary malignancies or missing 
survival data. The SEER Research Plus 9 data-
base was also utilized to identify de novo AML 
cases aged 18 years or older using ICD-O-3  
histology code 9861/3. Acute promyelocytic 
leukemia cases (ICD-O-3 code 9866/3) were 
excluded from our analysis due to their favor-
able prognosis.

Patient characteristics included age at diagno-
sis, year of diagnosis, sex, race, survival time, 
and marital status. Marital status was classi-
fied as married (including common law) and 
other. Period analysis was used to account for 
various treatments, relying on agent approval 
to infer exposure. Patients were analyzed in  
the pre- (1975-2002) and post- (2003-2018) 
novel agent era groups, respectively.

Statistical analysis

Statistical analysis was performed using SPSS 
version 25. Categorical variables were analyzed 
using Chi-square tests or Fisher’s exact test, 
whereas continuous variables were analyzed 
using Student’s t-tests. To adjust for potential 
confounders that might cause bias, propensity 
score matching (PSM) accounting for all covari-
ates was performed using SPSS to create a 
matched dataset based on AML type (de novo 
AML vs. sAML following MM). A 1:1 ratio (one  
de novo AML case for each sAML) with the pro-
pensity score radius difference of 0.02 was 
used. Survival curves for both unmatched and 
matched datasets were generated with the 
Kaplan-Meier method and compared using the 
log-rank test. Cox multivariate regressions were 
performed to study the impact of various covari-
ates on the overall survival (OS) of patients with 
sAML.

Results

The SEER query identified a total of 64,753 
adults actively followed up who were diagnosed 
with MM between 1975 and 2018, of whom 
136 developed sAML. We excluded three sAML 
cases with more than two primary malignan-
cies, resulting in a total of 133 sAML cases and 
64,617 MM without AML cases selected for 
final analysis. A total of 36,184 de novo AML 
cases were extracted from the database. We 
excluded 9,890 with more than one primary 
malignancy to avoid its impact on survival, and 
385 with missing survival data, resulting in a 
total of 25,909 de novo AML cases selected for 
final analysis.

Clinical characteristics of MM patients with 
and without sAML

As depicted in Table 1, MM patients with sAML 
tended to have a younger age of diagnosis 
(median age: 63 vs. 69 years, P<0.001) and 
received more ChT (78.9% vs. 62.2%, P<0.001) 
than those without sAML. sAML incidence sig-
nificantly decreased from 0.26% (84/32,068) 
before novel agent era to 0.15% (49/32,682) in 
novel agent era (P=0.002). The median latency 
period between MM diagnosis and sAML devel-
opment significantly decreased from 66 (19-
351) months among MM cases diagnosed prior 
to the novel agent era to 56 (12-142) months in 
the novel agent era (P=0.031).
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Table 1. Characteristics of MM patients with and without sAML

Characteristics MM without sAML
N (%)

MM with sAML
N (%) P-value

Total number 64617 133
Age of MM, median (range); years 69 (18-85) 63 (40-84) <0.001
Gender 0.125
    Male 35071 (54.3) 81 (60.9)
    Female 29546 (45.7) 52 (39.1)
Race 0.673
    White 49122 (76.3) 105 (78.9)
    Blake 11296 (17.5) 22 (16.5)
    Other 3975 (6.2) 6 (4.5)
Marital status 0.041
    Married 36890 (60.7) 91 (69.5)
    Other 23845 (39.3) 40 (30.5)
Year of MM diagnosis 0.002
    1975-2002 31984 (49.5) 84 (63.2)
    2003-2018 32633 (50.5) 49 (36.8)
Chemotherapy for MM <0.001
    Yes 40203 (62.2) 105 (78.9)
    No 24414 (37.8) 28 (21.1)
MM, multiple myeloma; sAML, secondary acute myeloid leukemia.

Table 2. Characteristics of patients with de novo AML and sAML

Characteristics
In raw data After propensity score matching

De novo AML
N (%)

sAML
N (%) P-value De novo AML

N (%)
sAML
N (%) P-value

Total number 25909 133 133 133
Age, median (range); years 68 (18-85) 69 (51-85) 0.027 18 (18-19) 69 (51-85) <0.001
Gender 0.139 0.533
    Male 14119 (54.5) 81 (60.9) 76 (57.1) 81 (60.9)
    Female 11790 (45.5) 52 (39.1) 57 (42.9) 52 (39.1)
Race 0.001 0.137
    White 21643 (83.8) 106 (79.7) 106 (79.7) 106 (79.7)
    Black 1946 (7.5) 21 (15.8) 14 (10.5) 21 (15.8)
    Other 2247 (8.7) 6 (4.5) 13 (9.8) 6 (4.5)
Marital status 0.080 <0.001
    Married 14987 (57.8) 91 (68.4) 6 (4.5) 91 (68.4)
    Other 9961 (38.5) 40 (30.1) 126 (94.7) 40 (30.1)
    Unknown 961 (3.7) 2 (1.5) 1 (0.8) 2 (1.5)
Chemotherapy for AML <0.001 <0.001
    Yes 17454 (67.4) 69 (51.9) 126 (94.7) 69 (51.9)
    No 8455 (32.6) 64 (48.1) 7 (5.3) 64 (48.1)

Clinical characteristics of patients with de novo 
AML and sAML

Patients with sAML, compared with de novo 
AML, were more likely to be older (median age 

69 vs. 68, P=0.027) and from the black race 
group (15.8% vs. 7.5%, P=0.001); sAML pa- 
tients were less likely to receive ChT (51.9%  
vs. 67.4%, P<0.001). After PSM in a 1:1 ratio, a 
total of 133 cases of sAML and 133 cases of 
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Figure 1. A. Kaplan-Meier survival Curves in MM patients before and after 
novel agent era; B. Kaplan-Meier survival Curves for MM patients with and 
without sAML. MM, multiple myeloma; sAML, secondary acute myeloid leu-
kemia.

de novo AML were included. Except for the dis-
tribution of age, marital status, and ChT appli-
cation, the two groups did not differ in any other 
demographic characteristics (Table 2). 

Survival and prognostic factors

As was shown in Figure 1, the median OS 
increased significantly from 26 (range 25.498-
26.502) months among MM cases diagnosed 
prior to novel agent era to 48 (46.937-49.063) 
months in the novel agent era (P<0.001). 

Patients with sAML had a 
more favorable survival time 
following MM diagnosis, with  
a median OS of 68 months 
(range 61.045-74.955) vs.  
34 months (range 33.516-
34.484) in those without 
sAML (P<0.001).

Patients since sAML diagnosis 
had a worse median OS (2 
months, range 1.263-2.737) 
compared with those with  
de novo AML (5 months, ran- 
ge 4.828-5.172, P<0.001). 
The survival difference bet- 
ween sAML and de novo AML 
was confirmed after PSM (2 
months, range 1.263-2.737) 
vs. 12 months (range 8.776-
15.224, P<0.001, Figure 2).

In a multivariate Cox propor-
tional hazard regression mo- 
del, younger age of diagnosis, 
diagnosis after 2003, and ChT 
were significantly associated 
with prolonged OS in patients 
with sAML (Table 3). 

Discussion

This study is, to our knowl-
edge, the most extensive  
population-based analysis of 
AML secondary to MM, acco- 
unting for treatment-related 
effects; it aims to elucidate 
the characteristics and sur-
vival of sAML, and juxtapose 
sAML and de novo AML using 
PSM tools. The findings high-

light three critical points: first, sAML risk is high-
er in patients diagnosed with MM at a younger 
age and who underwent more ChT. The latency 
period between MM diagnosis and sAML de- 
velopment significantly decreased in the novel 
agent era. Second, compared to de novo AML, 
sAML patients were older, less likely to receive 
ChT, and had worse survival. Third, multivariate 
Cox regression revealed that a younger age of 
diagnosis, diagnosis after 2003, and ChT were 
significantly associated with prolonged OS in 
patients with sAML.
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Figure 2. A. Kaplan-Meier survival Curves in patients with de novo AML or 
sAML; B. Kaplan-Meier survival Curves for patients with de novo AML or 
sAML after propensity score matching. sAML, secondary acute myeloid leu-
kemia.

As MM patient survival time improves, the 
development of potentially fatal sAML has 
become a clinical reality [4, 11-13]. Overall, the 
risk is multifactorial [14]. Ashwin et al. demon-
strated mutant hematopoietic stem cell clones, 
mainly harboring TP53 mutations, can act as 
leukemia-initiating cells many years before the 
sAML onset [15]. The MM-015 trial showed that 
3 of 11 MM patients with plasma cell complex 
cytogenetics eventually developed myelodys-
plastic syndromes (MDS)/AML [16], supporting 
a role for disease-related factors in AML sec-
ondary to plasma cell dyscrasias. Among poten-

tial host-related factors, older 
age has been mostly associ-
ated with increased SPMs in- 
cidence after MM [17]. How- 
ever, recent results indicate 
that sAML risk in MM was sig-
nificantly increased in patients 
aged <65 years, consistent 
with our findings [12]. Govin- 
darajan et al. observed that 
extended rather than limited 
preceding treatments before 
autologous HSCT increased 
secondary MDS/AML inciden- 
ce [18]. Our study also high-
lighted the role of ChT in sAML 
development. Patients with 
sAML did not fare worse than 
those without sAML in the 
analysis, possibly because the 
long disease latency due to 
indolent myeloma may have 
allowed for sAML manifesta- 
tion.

Ola Landgren et al. reported 
that the excess risk for AML/
MDS following MM was the 
same before and after the 
introduction of autologous 
HSCT. The combination of  
melphalan and prednisone 
was the mainstay of MM ther-
apy before autologous HSCT 
introduction. This potentially 
reflects that lower doses of 
extended oral melphalan and 
melphalan concentrated to 1 
or 2 high-dose courses could 
have a similar impact on AML/
MDS risk due to direct muta-

genic effects inducing DNA damage [11]. Ran- 
domized clinical studies have reported an in- 
creased sAML incidence in MM patients treat-
ed with lenalidomide maintenance, especially 
in combination with melphalan [14, 19, 20]. 
However, the mechanism remains undefined. 
The immunosuppressive activity and effect  
on tumor microenvironment of lenalidomide 
might favor abnormal clone escape. A possible 
damaging stem-cell effect of lenalidomide may 
also facilitate the development of sAML [14]. 
Lenalidomide-induced cereblon/DDB1 com-
plex inhibition impairs nucleotide excision 
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repair of melphalan-induced DNA damage, 
which might be associated with sAML develop-
ment [14, 21].

In our study, we conducted period analyses to 
study sAML in relation to the introduction of 
MM novel agents (year of 2003). Specifically, 
we estimated sAML risk before and after 2003 
and found different risk patterns. Although the 
novel agent era witnessed a lower sAML risk 
among MM patients, the latency period to  
sAML diagnosis decreased significantly in the 
novel agent era. Another study reported a simi-
lar result, with a significant decreasing trend  
for sAML in the novel agent era, particularly for 
patients ≥65 [12]. This may be partly attribut-
able to the less frequent use of melphalan in 
the novel agent era, especially for patients  
≥65, who are ineligible for autologous HSCT. In 
a Swedish study, the median time to AML/MDS 
diagnosis following MM was 45.3 months [11]. 
The shorter latency period compared with our 
result may be due to the inclusion of MDS in the 
study, which preludes AML development. In the 
novel agent era, consolidation therapy with 
autologous HSCT followed by lenalidomide 
maintenance has been the choice for some 
MM patients. Co-exposure of melphalan and 
lenalidomide may lead to earlier evolution of 
leukemia-initiating cells, presenting as shorter 
latency in the novel agent era [14, 21].

AML is a disease affecting all ages but mainly 
occurs in elderly patients with a median age of 
69-72 years [22]. Age significantly impacts the 
management and outcome of AML patients. In 
our study, sAML patients were slightly older 
than those with de novo AML. Furthermore, 
these patients mostly underwent extensive 
therapy for MM, resulting in poor hematopoietic 
reserves. Consequently, a considerable num-
ber of sAML patients are judged unfit for stan-
dard ChT. The median survival of de novo AML 
for the total population in the United States 
was 4-11 months during 1980 through 2017 
[23]. This was consistent with our result (medi-
an OS: 5 months). Survival of sAML is even 
poorer than that of de novo AML. In a Finnish 
Leukemia Group study, the majority of 14 MM 
patients died within 2 months of secondary 
acute leukemia diagnosis [24]. Our study veri-
fied this result with a median OS of 2 months 
after sAML diagnosis. 

The poor prognostic value of age in sAML has 
been confirmed in a population-based study. 
This real-world data also revealed that stan-
dard intensive ChT improves early death rates 
and long-term survival compared with pallia- 
tion among sAML patients [25]. However, MM 
patients with sAML, often with poor perfor-
mance status and profound cytopenia, may be 
less tolerable to intensified ChT and often need 
dose modification. Geriatric assessment has 
been shown to predict toxicities as well as OS 
following the use of intensive therapy in AML 
[26]. The spectrum of cytogenetic abnormali-
ties in therapy-related AML is similar to de novo 
AML, but the incidence of high-risk cytogenet-
ics, including a complex karyotype or deletion 
or loss of chromosomes 5 and/or 7, is consider-
ably higher in therapy-related AML [8]. Patients 
with unfavorable cytogenetics may have poor 
outcomes despite the use of allogeneic HSCT 
[27]. Therefore, patients with a favorable karyo-
type, particularly with good performance sta-
tus, should receive modified induction and con-
solidation ChT (allogeneic HSCT often ineligible) 
recommended for other de novo AML patients 
with similar characteristics. Patients with high-
risk cytogenetics and frail, older patients may 
be better served with clinical trials rather than 
intensive therapy. In recent years, this patient 
population seemed to have achieved slight 
benefit from novel therapeutic options such  
as Venetoclax/Azacitidine, Venetoclax/Decita- 
bine, and Enasidenib [28].

Table 3. Overall survival of patients with sAML

Characteristics
OS

P
HR (95% CI)

Sex 0.669
    Male 0.922 (0.635-1.339)
    Female Reference
Race 0.243
    White 1.205 (0.476-3.049)
    Black 1.824 (0.665-5.004)
    Other Reference
Age at diagnosis, y 0.037
    18-39
    40-64 0.628 (0.406-0.972)
    65+ Reference
Year of diagnosis 0.01
    1975-2002 1.692 (1.135-2.523)
    2003-2018 Reference
Chemotherapy 0.01
    No 1.632 (1.127-2.363)
    Yes Reference
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This study provides insight into the risk of sAML 
development at the population level. Large pop-
ulation studies are more generalizable to MM 
patients. However, limitations include a lack of 
records about clinical and pathological infor-
mation, chemotherapy regimens, and radiation 
doses. We used period analysis in the above 
study to account for treatment-related factors; 
this was based on the approval of various 
agents to infer exposure. However, misclassifi-
cation may be present. 

In conclusion, this study reinforces the risk of 
sAML in younger and intensively-treated MM 
patients, especially with melphalan and lena- 
lidomide. Patients with sAML have more poor 
prognoses compared with de novo AML and 
should enroll in clinical trials investigating novel 
therapeutic options. 
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