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Abstract
Background
The landscape for patients with multiple myeloma has improved dramatically over the last 15 years.
Immunomodulatory imide drugs (IMiDs) have shown great efficacy in both the setting of initial therapy and
as maintenance after autologous stem cell transplant (ASCT). Concern has arisen, however, regarding the
risk of second primary malignancies (SPMs) that appear to be associated with the use of IMiD agents. SPMs
are a known sequela of multiple myeloma treatment, particularly as a consequence of maintenance
lenalidomide status-post stem cell transplant (SCT). The benefit of SCT has become less clear with the
utilization of newer, more effective initial therapies.

Objectives
To determine the effect of SCT on SPM risk and overall survival in multiple myeloma patients at 5 and 10
years after treatment initiation.

Methods
We used TriNetX, a global federated health research network providing access to electronic medical records
(diagnoses, procedures, medications, laboratory values, genomic information) from approximately 58 million
patients in 49 large healthcare organizations. We created two patient cohorts who had all received treatment
with thalidomide, lenalidomide, or pomalidomide. One cohort had received SCT while the other had not.
Both cohorts were then analyzed for the development of all non-myeloma malignancies which occurred at
least one year after initiation of treatment.

Results
At 5 years, SPMs were 5.8% more likely in patients who received stem cell transplant (22.4% vs 16.6%, RR
0.741, p value <0.0001) but 5-year survival favored transplanted patients by 2.38% (64.85% vs 62.474%, p
value 0.0044). 10-year survival favored patients who did not receive transplant by 1.44% (42.279% vs
40.838%, p value 0.0279). The Kaplan-Meier curves cross at year 6.
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Conclusions
It has previously been shown that the use of alkylating agents in myeloma patients significantly increases
the risk of SPM, but that difference had curiously not been shown to have a negative impact on survival. Our
analysis shows that this negative survival impact does exist but requires six or more years of follow up to
become evident. Recent analyses from studies using older regimens show no overall survival benefit from the
use of stem cell transplant. As non-transplant regimens become more effective at producing minimal
residual disease (MRD) negativity, it seems that transplantation for myeloma patients will soon be regarded
as unnecessary or even detrimental.
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Introduction
The landscape for patients with multiple myeloma has changed dramatically over the last 15 years.
Immunomodulatory imide drugs (IMiDs) have shown great efficacy, as both initial therapy and as
maintenance after autologous stem cell transplant (ASCT). Concern has arisen, however, regarding the risk
of second primary malignancies (SPMs) that appear to be associated with the use of IMiD agents. The first
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report of second malignancies in multiple myeloma patients was published in 1977, at which time it was
suspected that multiple myeloma itself was a risk factor for the development of other cancers [1].
Mailankody et al. reported in 2010 that there was an 8-fold increase in the incidence of acute myeloid
leukemia (AML) and myelodysplastic syndrome (MDS) in patients with monoclonal gammopathy of
undetermined significance (MGUS), the precursor condition to multiple myeloma [2]. This increased risk of
unrelated malignancies in these untreated patients led to the current belief that development of SPMs is a
multifactorial process that includes host genetics, environment (exposures), behavior (smoking, alcohol,
obesity, diet), myeloma treatment specifics, and disease-related factors [3]. There is a general consensus
that the use of IMiD agents after melphalan (or other alkylating agents) exacerbates the risk of second
primary malignancies by a multiple of 2- to 3-fold, although a few studies have failed to show this
association [4-15]. Numerous studies have shown that despite the increased risk of SPMs, IMiD treatment for
multiple myeloma provides conclusive survival benefit that justifies its continued long-term use [16-18].
However, with increasingly efficacious first-line therapies coming available for treatment of multiple
myeloma, we believe it is worthwhile to revisit whether treatment with stem cell transplants provide a net
benefit, or whether the increased SPM risk from the alkylating agent exposure that they require will result in
more harm than good over time.

Materials And Methods
We used TriNetX, a global federated health research network providing access to electronic medical records
(diagnoses, procedures, medications, laboratory values, genomic information) from approximately 58 million
patients in 49 large healthcare organizations. The TriNetX platform only uses aggregated counts and
statistical summaries of de-identified information. No protected health information (PHI) or personal data is
made available to the users of the platform. We identified two cohorts of adult multiple myeloma patients
who had all received treatment with an IMiD agent: thalidomide, lenalidomide, or pomalidomide. One of the
cohorts must have received SCT as part of their treatment, while the other was prohibited from having
received it. After balancing the cohorts for age, race, gender, and ethnicity, each contained 7,259 patients.
The cohorts were then analyzed for the development of all non-myeloma malignancies which occurred at
least one year after treatment initiation. The difference in malignancy rates between the two cohorts is
believed to represent the difference in development of second primary malignancies attributable to
alkylating agent exposure as a consequence of stem cell transplantation.

Results
At five years of follow up, transplanted patients had an SPM rate of 20.534% vs 15.579% for patients who did
not receive transplant (P value < 0.0001, RR 0.759, CI 0.707,0.814). Five year survival favored the
transplanted group (64.85% vs. 62.474%, P value 0.0044). However, at ten years of follow up, SPMs were
5.8% more likely in patients who received stem cell transplant (22.4% vs 16.6%, RR 0.741 (CI 0.693,0.793), P
value <0.0001) but overall survival switched to favor patients who did not receive transplant by 1.44%
(42.279% vs 40.838%, p value 0.0279) (See Table 1).

5-Year SPM

10-Year SPM

5-Year Survival

10-Year Survival

Non-Transplanted

15.579%

16.6%

62.474%

42.279%

Transplanted

20.534%

22.4%

64.85%

40.838%

TABLE 1: Five- and ten-year SPM rates and survival

The Kaplan-Meier curves cross during year 6 due to an interesting change in shape of the survival curve of
the transplanted group (See Figure 1).
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FIGURE 1: Kaplan-Meier survival curve for patients with and without
stem cell transplant

Discussion
Our analysis brings together information that had not been previously correlated. Although it has previously
been shown that the use of alkylating agents in myeloma patients significantly increases the risk of SPM,
that difference had curiously not been shown to have a negative impact on survival. Our analysis shows that
this negative survival impact does exist but requires six or more years of follow-up in order to become
evident. This is likely because it takes time for an SPM to occur, and additional time for that SPM to result in
mortality. Smaller studies or studies with shorter follow up can easily miss this effect. A recent update of the
FORTE trial advocated for the continued use of stem cell transplants in multiple myeloma patients.
However, the study did not yet have six years of follow up by the time it was presented at the American
Society of Hematology meeting in 2020 [19]. The IFM 2009 trial also recently reported long-term data in
patients treated with lenalidomide, bortezomib, and dexamethasone, with or without stem cell transplant.
The overall survival at 8 years was comparable between the transplant and non-transplant cohorts, although
progression-free survival (PFS) favored the group that had received SCT (see Figure 2) [20].
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FIGURE 2: IFM 2009: No Overall Survival Benefit with Stem Cell
Transplant After 5.5 Years.

IFM 2009 subgroup analysis also showed that progression-free survival was correlated to a patient’s ability
to achieve minimal residual disease (MRD) status [20]. However, a significant shortcoming of IFM 2009 is
that patients received second- and third-line regimens which are now considered suboptimal, as very few
patients were treated with carfilzomib or daratumumab - agents which are considered highly efficacious and
now used in early lines of treatment. This potentially resulted in biasing the results in favor of stem cell
transplantation, resulting in equivalent overall survival for both arms of the trial.

Conclusions
Multiple myeloma predisposes patients to the risk of second primary malignancies, and that risk increases in
association with multiple factors, including IMiD therapy in patients with previous exposure to alkylating
agents. Our analysis is the first to show that the accumulation of second primary malignancies does impact
survival over time, with the caveat that long-term follow-up is required in order for that impact to become
evident. Recent reports from the FORTE and IFM 2009 trials have asserted that stem cell transplantation still
has a role for treatment of patients with multiple myeloma, but the benefits of SCT on overall survival in
those studies is nonexistent. Both trials showed improved PFS for patients treated with stem cell transplant,
which is believed to be related to an improved percentage of MRD negativity in patients treated with SCT.
Based on our results, we suspect that longer-term (6+ years) of follow up in the FORTE trial will be important
for determining whether SPMs will negatively impact overall survival in patients treated with SCT, and
potentially break the tie in overall survival. As newer agents and non-SCT regimens continue to show
improvement in MRD negativity, PFS, and OS, it seems that transplantation for myeloma patients will soon
be regarded as unnecessary or even detrimental.

Additional Information
Disclosures
Human subjects: All authors have confirmed that this study did not involve human participants or tissue.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

2021 Miles et al. Cureus 13(7): e16372. DOI 10.7759/cureus.16372

4 of 5

References
1.
2.

3.
4.

5.

6.

7.
8.
9.
10.

11.
12.
13.

14.
15.
16.

17.

18.
19.
20.

Law IP, Blom J: Second malignancies in patients with multiple myeloma . Oncology. 1977, 34:20-4.
10.1159/000225175
Mailankody S, Pfeiffer RM, Kristinsson SY, et al.: Risk of acute myeloid leukemia and myelodysplastic
syndromes after multiple myeloma and its precursor disease (MGUS). Blood. 2011, 118:4086-92.
10.1182/blood-2011-05-355743
Thomas A, Mailankody S, Korde N, Kristinsson SY, Turesson I, Landgren O: Second malignancies after
multiple myeloma: from 1960s to 2010s. Blood. 2012, 119:2731-7. 10.1182/blood-2011-12-381426
Dimopoulos MA, Richardson PG, Brandenburg N, Yu Z, Weber DM, Niesvizky R, Morgan GJ: A review of
second primary malignancy in patients with relapsed or refractory multiple myeloma treated with
lenalidomide. Blood. 2012, 119:2764-7. 10.1182/blood-2011-08-373514
Rifkin RM, Abonour R, Shah JJ, et al.: Connect MM® - the Multiple Myeloma Disease Registry: incidence of
second primary malignancies in patients treated with lenalidomide. Leuk Lymphoma. 2016, 57:2228-31.
10.3109/10428194.2015.1132419
Krishnan AY, Mei M, Sun CL, et al.: Second primary malignancies after autologous hematopoietic cell
transplantation for multiple myeloma. Biol Blood Marrow Transplant. 2013, 19:260-5.
10.1016/j.bbmt.2012.09.023
Attal M, Lauwers-Cances V, Marit G, et al.: Lenalidomide maintenance after stem-cell transplantation for
multiple myeloma. N Engl J Med. 2012, 366:1782-91. 10.1056/NEJMoa1114138
McCarthy PL, Owzar K, Hofmeister CC, et al.: Lenalidomide after stem-cell transplantation for multiple
myeloma. N Engl J Med. 2012, 366:1770-81. 10.1056/NEJMoa1114083
Pratt G: Lenalidomide and second malignancies in myeloma patients . Lancet Oncol. 2014, 15:253-4.
10.1016/S1470-2045(14)70001-4
McCarthy PL, Holstein SA, Petrucci MT, et al.: Lenalidomide maintenance after autologous stem-cell
transplantation in newly diagnosed multiple myeloma: a meta-analysis. J Clin Oncol. 2017, 35:3279-89.
10.1200/JCO.2017.72.6679
Attal M, Lauwers-Cances V, Hulin C, et al.: Lenalidomide, bortezomib, and dexamethasone with
transplantation for myeloma. N Engl J Med. 2017, 376:1311-20. 10.1056/NEJMoa1611750
Ormerod A, Fausel CA, Abonour R, Kiel PJ: Observations of second primary malignancy in patients with
multiple myeloma. Clin Lymphoma Myeloma Leuk. 2012, 12:113-7. 10.1016/j.clml.2011.11.003
Razavi P, Rand KA, Cozen W, Chanan-Khan A, Usmani S, Ailawadhi S: Patterns of second primary
malignancy risk in multiple myeloma patients before and after the introduction of novel therapeutics.
Blood Cancer J. 2013, 3:e121. 10.1038/bcj.2013.19
Rollison DE, Komrokji R, Lee JH, et al.: Subsequent primary malignancies among multiple myeloma patients
treated with or without lenalidomide. Leuk Lymphoma. 2017, 58:560-8. 10.1080/10428194.2016.1207763
Areethamsirikul N, Reece DE: The risk of secondary primary malignancies after therapy for multiple
myeloma. Leuk Lymphoma. 2015, 56:3012-21. 10.3109/10428194.2014.974043
Maclachlan K, Diamond B, Maura F, Hillengass J, Turesson I, Landgren CO, Kazandjian D: Second
malignancies in multiple myeloma; emerging patterns and future directions. Best Pract Res Clin Haematol.
2020, 33:101144. 10.1016/j.beha.2020.101144
Yamasaki S, Yoshimoto G, Kohno K, et al.: Risk of secondary primary malignancies in multiple myeloma
patients with or without autologous stem cell transplantation. Int J Hematol. 2019, 109:98-106.
10.1007/s12185-018-2538-8
Engelhardt M, Wäsch R, Landgren O, Kleber M: Multiple myeloma and second malignancies . Clin
Lymphoma Myeloma Leuk. 2014, 14:98-101. 10.1016/j.clml.2013.11.008
Gay F, Musto P, Scalabrini DR, et al.: Survival analysis of newly diagnosed transplant-eligible multiple
myeloma patients in the randomized Forte trial. Blood. 2020, 136 (Supplement 1):35-37. March 24, 2021
Perrot A, Lauwers-Cances V, Cazaubiel T, et al.: Early versus late autologous stem cell transplant in newly
diagnosed multiple myeloma: long-term follow-up analysis of the IFM 2009 trial. Blood. 2020, 136
(Supplement 1):39. Accessed: March 24, 2021:
https://ash.confex.com/ash/2020/webprogram/Paper134538.html...

2021 Miles et al. Cureus 13(7): e16372. DOI 10.7759/cureus.16372

5 of 5

