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Therapy-related acute lymphoblastic leukemia (tr-ALL) is an impor-
tant secondary primary malignancy (SPM) that has recently been
appreciated and has an estimated incidence of 3–9% of ALL cases
[1–4]. Three large phase III clinical trials have demonstrated a
significant increased risk of SPM associated with lenalidomide
maintenance following therapy with high dose melphalan and
autologous hematopoietic cell transplantation (AHCT) in patients
with multiple myeloma (MM) with an SPM incidence of 8–17% and
with 4–17% of those malignancies being hematologic malignancies
[5–7]. The number of trALL cases in these trials has not been
reported. Little is known about the characteristics of trALL in patients
with MM compared to patients who had other malignancies prior to
the development of trALL. We define tALL as ALL that developed
after any prior exposure to cytotoxic chemotherapy and/or radiation
for another malignancy, and herein, we report a comparative analysis
of characteristics and outcomes of patients with trALL with and
without MM from the Mayo Clinic Cancer Center (MCCC).
We performed a systematic search in the 3-site MCCC registry

and included all patients diagnosed with ALL and who received at
least 1 cycle of ALL-directed therapy and/or underwent allogeneic
transplantation (AlloHCT) for ALL between 2007 and 2020. All
cases of trALL in this series are ALL of B cell lineage. Comparisons
of characteristics between trALL patients with and without MM
were made using a Wilcoxon rank sum test (continuous variables)
or Fisher’s exact test (categorical variables). Comparisons of
outcomes between patients with and without MM were made
using unadjusted logistic regression (MRD and complete remis-
sion) and Cox regression (death, relapse, NRM) models. In Cox
models, the cause-specific hazard of the given outcome was
modeled, and cumulative incidences were estimated while
accounting for the competing risk of death when relevant [8].
Statistical analyses were performed using R Statistical Software.
Seventy trALL patients (14 MM [20%], 56 non-MM [80%]) were

identified during the study period. The median age at trALL
diagnosis was 63.9 (range 47–71) years for MM patients and 63.1
(range 18.2–84) years for non-MM patients. Baseline patient
characteristics are shown in Table 1. The median follow-up from
trALL diagnosis was 1.42 years (range 0.02–10.6 years). The most
common prior non-MM malignancies among trALL patients were
breast (28.6%), lymphoma (17.9%), myeloid (17.9%), and GU/GYN
(14.3%). Among the 14 MM patients, 100% (n= 10) had ISS-I disease,
8 (57%) had IgG K MM, 1 (n= 10) had high risk cytogenetics. Nine
(64.2%) received lenalidomide-based induction; 3 had lenalidomide-
dexamethasone, 4 had bortezomib-lenalidomide-dexamethasone, 2

had lenalidomide combined with another agent. Four patients
(28.6%) received cyclophosphamide-bortezomib-dexamethasone
induction. Eight patients (57.1%) had prior AHCT.
The median time to develop trALL following AHCT for MM was

46.3 months (m), (range 20.4–67.6). Twelve patients (85.7%)
received lenalidomide maintenance for a median duration of 53 m
(range 16.9–121). The median time to develop trALL after initiation
of lenalidomide maintenance was 61.2 m (range 16.9–123.4). Ten
(71.4%) patients were receiving lenalidomide at the time of their
trALL diagnosis. There was a statistically significant difference in
median time to development of trALL based on previous
malignancy diagnosis with GU/GYN at 9 years (longest time),
myeloid at 3 years (shortest time), and MM at 6 years (P= 0.018).
In comparison to non-MM patients, MM patients had a
significantly lower WBC at diagnosis (Median: 2.0 vs. 5.8, P=
0.005), no t(9;22)/BCR/ABL1 mutation (0.0% vs. 35.7%, P= 0.008), a
higher frequency of hypodiploid/near-triploid (Ho-Tri) cytoge-
netics (42.9% vs. 12.5%, P= 0.009), and a lower frequency of prior
radiation therapy (7.1% vs. 44.6%, P= 0.012). The most common
trALL induction regimen received was HyperCVAD which was used
in 71.4% of MM patients and 51.8% of non-MM patients. No trALL
in MM patients had a Philadelphia-like phenotype. In the overall
patient cohort, 56 (80%) patients achieved a complete response
after induction and 60% (15/25) were minimal residual disease
(MRD) positive (+) after induction. Patients with MM had a
significantly higher likelihood of being MRD negative after
induction (Odds ratio= 0.09, P= 0.015). Though not quite
statistically significant, MM patients were more likely to undergo
AlloHCT for trALL (71.4% vs. 42.9%, P= 0.075) and were more
commonly in complete response (CR) at transplant (100.0% vs.
70.8%, P= 0.078). Overall, 24.3% (n= 17) of patients relapsed after
induction therapy for trALL; 39 (55.5%) died after trALL diagnosis
including 42.9% (15/35) who died after AlloHCT. Although patients
with MM tended to have better outcomes compared to non-MM
trALL patients in terms of overall survival after trALL diagnosis (Fig.
1A), survival after AlloHCT (Fig. 1B), relapse rate after trALL
diagnosis, and non-relapse mortality after AlloHCT, none of these
findings approached significance in this small cohort (Fig. 1C).
We report one of the few studies evaluating the characteristics of

trALL in patients with antecedent MM. A previous study which
evaluated 13 patients with trALL after therapy for MM with whole
exome sequencing reported that the two malignancies arise from
different clones and almost all patients had received AHCT and
lenalidomide maintenance, like our patient population [9]. Com-
pared to non-MM trALL, MM-trALL is associated with Ho-Tri
cytogenetics and is BCR/ABL1 negative in our cohort of patients.
While previous characterizations of trALL report that adverse
cytogenetics are common [10], in our study, patients with prior
MM who developed trALL tended to have more adverse

Received: 24 February 2022 Accepted: 9 May 2022

www.nature.com/bcjBlood Cancer Journal

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41408-022-00680-y&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41408-022-00680-y&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41408-022-00680-y&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41408-022-00680-y&domain=pdf
https://doi.org/10.1038/s41408-022-00680-y
https://doi.org/10.1038/s41408-022-00680-y


Table 1. Characteristics of trALL patients at trALL diagnosis and initial trALL therapies.

Median (minimum, maximum) or No. (%) of patients

Variable N MM trALL patients (N= 14) Non-MM trALL patients (N= 56) P-value

Age at diagnosis (years) 70 63.9 (46.6, 70.9) 63.1 (18.2, 83.5) 0.79

Sex (Male) 70 4 (28.6%) 19 (33.9%) 1.00

Race 65 0.72

White 13 (92.9%) 47 (92.2%)

Black 1 (7.1%) 1 (2.0%)

Asian 0 (0.0%) 2 (3.9%)

Other 0 (0.0%) 1 (2.0%)

Ethnicity (Hispanic or Latino) 58 0 (0.0%) 2 (4.5%) 1.00

WBC 49 2.0 (0.9, 12.0) 5.8 (0.5, 135.0) 0.005

Hemoglobin 41 9.4 (6.3, 12.8) 9.8 (5.4, 14.8) 0.63

Platelets 42 38.0 (16.0, 261.0) 89.0 (8.0, 313.0) 0.20

Cytogenetic group 70

t(9;22) BCR/ABL1 0 (0.0%) 20 (35.7%) 0.008

MLL/KMT2A rearrangement 0 (0.0%) 5 (8.9%) 0.25

t(1;19) TCF3/PBX1 0 (0.0%) 2 (3.6%) 0.47

Ho-Tri* 6 (42.9%) 7 (12.5%) 0.009

HeH** 2 (14.3%) 2 (3.6%) 0.12

Normal Karyotype+ FISH 1 (7.1%) 4 (7.1%) 1.00

Other 2 (14.3%) 12 (21.4%) 0.55

p16/CDKN2A 1 (7.1%) 1 (1.8%) 0.28

Complex - Moorman’s 2 (14.3%) 3 (5.4%) 0.25

Induction chemo 70 0.13

HyperCVAD 10 (71.4%) 29 (51.8%)

Pediatric 0 (0.0%) 2 (3.6%)

ECOG regimens 3 (21.4%) 6 (10.7%)

Others 1 (7.1%) 19 (33.9%)

CNS involvement 70 0 (0.0%) 9 (16.1%) 0.19

Transplant 70 10 (71.4%) 24 (42.9%) 0.075

ALL status at transplant 34 0.078

CR1 10 (100.0%) 17 (70.8%)

≥CR2 0 (0.0%) 7 (29.2%)

Graft type 34 1.00

BM 0 (0.0%) 2 (8.3%)

PB 10 (100.0%) 21 (87.5%)

UC 0 (0.0%) 1 (4.2%)

Donor type 34 0.094

Matched related 4 (40.0%) 11 (45.8%)

Haploidentical 3 (30.0%) 1 (4.2%)

Matched unrelated 3 (30.0%) 12 (50.0%)

Conditioning regimen 34 0.13

MAC 2 (20.0%) 13 (54.2%)

NMA/RIC 8 (80.0%) 11 (45.8%)

Previous malignancy 70

Breast 0 (0.0%) 16 (28.6%)

GI 0 (0.0%) 3 (5.4%)

GU/GYN 0 (0.0%) 8 (14.3%)

Lung 0 (0.0%) 2 (3.6%)

H&N 0 (0.0%) 1 (1.8%)

Thyroid 0 (0.0%) 2 (3.6%)

HD 0 (0.0%) 2 (3.6%)
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cytogenetic features compared to non-MM trALL. Previous reports
have shown that BCR/ABL1 mutations can occur in trALL, however,
none of the MM patients with trALL had BCR/ABL1 mutations in our
study [10, 11]. AlloHCT can produce comparable long-term survival
outcomes in patients with trALL compared to de novo ALL [10, 12],
however, in our study, AlloHCT did not improve survival outcomes

of patients with trALL and antecedent MM compared to other
malignancies despite MM patients being more likely to be in CR
after trALL induction and MRD negative prior to AlloHCT.
Limitations of our study include the retrospective design which

introduces biases into the data collection and the relatively small
number of patients with trALL with antecedent MM which resulted in

Table 1. continued

Median (minimum, maximum) or No. (%) of patients

Variable N MM trALL patients (N= 14) Non-MM trALL patients (N= 56) P-value

NHL 0 (0.0%) 10 (17.9%)

Multiple myeloma 14 (100.0%) 0 (0.0%)

Myeloid 0 (0.0%) 10 (17.9%)

Other 0 (0.0%) 2 (3.6%)

Chemotherapy 14 (100.0%) 46 (82.1%) 0.19

Radiation therapy 1 (7.1%) 25 (44.6%) 0.012

Chemotherapy and
radiation therapy

1 (7.1%) 15 (26.8%) 0.16

Time to development of
therapy-related ALL (years)

6 (2, 14) 5 (1, 29) 0.87

Bold values identify statistical significance (P < 0.05)
P-values result from a Wilcoxon rank sum test (continuous variables) or Fisher’s exact test (categorical variables).
*Hypodiploidy/near triploidy (Ho-Tri)
**Hyperdiploidy (HeH)

A B

P=0.27 P=0.27

 Difference between multiple 

myeloma and non-multiple 

myeloma ALL patients 

Outcome/patient group 

Fraction (%) of 

patients with the 

outcome 

Cumulative incidence 

of the given outcome 

(95% CI) at 1 year (%)

Association 

measure 
Estimate (95% CI) P-value 

oitarsddO)evitisop(DRM

A/N)ecnerefer(00.1A/N)6.48(31/11amoleymelpitlum-noN

Multiple myeloma 510.0)45.0,10.0(90.0A/N)3.33(21/4

Complete remission  Odds ratio

A/N)ecnerefer(00.1A/N)8.67(65/34amoleymelpitlum-noN

Multiple myeloma 13/14 (92.9) N/A 
3.93 (0.68, 

74.76)
0.21 

oitardrazaHsisongaidLLAretfahtaeD

Non-multiple myeloma  35/56 (62.5) 30.1 (16.6, 41.5) 1.00 (reference) N/A 

Multiple myeloma 4/14 (28.6) 22.6 (0.0, 42.2) 0.55 (0.20, 1.57) 0.27 

Death after transp oitardrazaHtnal

Non-multiple myeloma  13/24 (54.2) 41.7 (18.2, 58.4) 1.00 (reference) N/A 

Multiple myeloma 2/11 (18.2) 9.1 (0.0, 24.6) 0.43 (0.10, 1.94) 0.27 

Relapse after ALL diagnosis   
Hazard 

ratio

Non-multiple myeloma  16/56 (28.6) 17.3 (9.6, 31.4) 1.00 (reference) N/A 

Multiple myeloma 71.0)18.1,30.0(42.0)9.92,0.0(0.0)1.7(41/1

Non-relapse mortality (NRM) after 

transplant

Hazard 

ratio

Non-multiple myeloma  8/24 (33.3) 25.0 (12.5, 50.0) 1.00 (reference) N/A 

Multiple myeloma 07.0)16.3,51.0(37.0)9.85,4.1(1.9)2.81(11/2

CI=confidence interval. Odds ratios, 95% CIs, and p-values result from unadjusted logistic regression models. Hazard ratios, 95% 

CIs, and p-values result from unadjusted Cox proportional hazards regression models. 

C

Fig. 1 Comparison of outcomes between multiple myeloma ALL patients and non-multiple myeloma ALL patients. A Survival after ALL
diagnosis for multiple myeloma (MM) and non-multiple myeloma (non-MM) patients. B Survival after AlloHCT for multiple myeloma (MM) and
non-multiple myeloma (non-MM) patients C Comparison of outcomes between multiple myeloma ALL patients and non-multiple myeloma
ALL patients.
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a lack of power to detect differences between groups. Next-
generation sequencing (NGS) of bone marrow aspirates of 3 patients
with antecedent chronic lymphocytic leukemia who developed trALL
while on lenalidomide maintenance revealed an IKFZ1 mutation in
one of the patients [13]. Lenalidomide is known to induce
proteasomal degradation of the transcription factor Ikaros which is
encoded by IKFZ1 and mutations or deletions IKZF1 are frequent
driver lesions in ALL and promote leukemogenesis [14]. Thus, perhaps
lenalidomide-induced alterations in IKZF1 may be implicated in the
development of trALL. Further research on trALL in MM patients is
merited with a particular focus on comparative NGS to identify key
driver lesions in this dreaded complication of MM therapy.

Ricardo D. Parrondo1, Zaid Abdel Rahman2, Michael G. Heckman3,
Mikolaj Wieczorek3, Liuyan Jiang 4, Hassan B. Alkhateeb 5,

Mark R. Litzow 5, Patricia Greipp6, Taimur Sher1, Leif Bergsagel 7,
Rafael Fonseca 7, Vivek Roy 1, Angela Dispenzieri 5,

Mohamed A. Kharfan-Dabaja 1, Hemant S. Murthy1,
Sikander Ailawadhi 1 and James M. Foran 1✉

1Division of Hematology-Oncology and Blood and Marrow
Transplantation Program, Mayo Clinic, Jacksonville, FL, USA. 2Stem
Cell Transplantation and Cellular Therapies, MD Anderson Cancer

Center, Houston, TX, USA. 3Division of Clinical Trials and Biostatistics,
Mayo Clinic, Jacksonville, FL, USA. 4Department of Laboratory

Medicine and Pathology, Mayo Clinic, Jacksonville, FL, USA. 5Division
of Hematology, Mayo Clinic, Rochester, MN, USA. 6Department of
Laboratory Medicine and Pathology, Mayo Clinic, Rochester, MN,

USA. 7Division of Hematology-Oncology, Mayo Clinic, Phoenix, AZ,
USA. ✉email: Foran.James@mayo.edu

DATA AVAILABILITY
The datasets generated during and/or analyzed during the current study are not publicly
available due to them containing patient personal health information but are available
from the corresponding author on reasonable request for a de-identified data set.

REFERENCES
1. Swaika A, Frank RD, Yang D, Finn LE, Jiang L, Advani P, et al. Second primary

acute lymphoblastic leukemia in adults: a SEER analysis of incidence and out-
comes. Cancer Med. 2018;7:499–507.

2. Rosenberg AS, Brunson A, Paulus JK, Tuscano J, Wun T, Keegan THM, et al.
Secondary acute lymphoblastic leukemia is a distinct clinical entity with prog-
nostic significance. Blood Cancer J. 2017;7:e605.

3. Aldoss I, Dagis A, Palmer J, Forman S, Pullarkat V. Therapy-related ALL:cytogenetic
features and hematopoietic cell transplantation outcome. Bone Marrow Transpl.
2015;50:746–8.

4. Kelleher N, Gallardo D, Gonzalez-Campos J, Hernandez-Rivas JM, Montesinos P,
Sarra J, et al. Incidence, clinical and biological characteristics and outcome of
secondary acute lymphoblastic leukemia after solid organ or hematologic
malignancy. Leuk Lymphoma. 2016;57:86–91.

5. Attal M, Cances-Lauwers V, Marit G, Caillot D, Moreau P, Facon T, et al. Lenali-
domide maintenance after stem-cell transplantation for multiple myeloma. N.
Engl J Med. 2012;366:1782–91.

6. Jones JR, Cairns DA, Gregory WM, Collett C, Pawlyn C, Sigsworth R, et al. Second
malignancies in the context of lenalidomide treatment: an analysis of 2732
myeloma patients enrolled to the Myeloma XI trial. Blood. Cancer J. 2016;6:e506.

7. Holstein SA, Jung SH, Richardson PG, Hofmeister CC, Hurd DD, Hassoun H, et al.
Updated analysis of CALGB (Alliance) 100104 assessing lenalidomide versus placebo
maintenance after single autologous stem-cell transplantation for multiple myeloma:
a randomised, double-blind, phase 3 trial. Lancet Haematol. 2017;4:e431–e442.

8. Putter H, Fiocco M, Geskus RB. Tutorial in biostatistics: competing risks and multi-
state models. Stat Med. 2007;26:2389–430.

9. Aldoss I, Capelletti M, Park J, Sklavenitis Pistofidis R, Pillai R, Stiller T, et al. Acute
lymphoblastic leukemia as a clonally unrelated second primary malignancy after
multiple myeloma. Leukemia 2019;33:266–70.

10. Saygin C, Kishtagari A, Cassaday RD, Reizine N, Yurkiewicz I, Liedtke M, et al.
Therapy-related acute lymphoblastic leukemia is a distinct entity with adverse
genetic features and clinical outcomes. Blood Adv. 2019;3:4228–37.

11. Aldoss I, Stiller T, Song J, Al Malki M, Ali H, Salhotra A, et al. Philadelphia chro-
mosome as a recurrent event among therapy-related acute leukemia. Am J
Hematol. 2017;92:E18–E9.

12. Abdel Rahman ZH, Parrondo RD, Heckman MG, Wieczorek M, Miller KC, Alkhateeb
H, et al. Comparative study of therapy-related and de novo adult b-cell acute
lymphoblastic leukaemia. Br J Haematol. 2022;196:963–8.

13. Fürstenau M, Fink AM, Schilhabel A, Weiss J, Robrecht S, Eckert R, et al. B-cell
acute lymphoblastic leukemia in patients with chronic lymphocytic leukemia
treated with lenalidomide. Blood 2021;137:2267–71.

14. Marke R, van Leeuwen FN, Scheijen B. The many faces of IKZF1 in B-cell precursor
acute lymphoblastic leukemia. Haematologica 2018;103:565–74.

ACKNOWLEDGEMENTS
We are grateful to all patients from the Mayo Clinic Cancer Center.

AUTHOR CONTRIBUTIONS
Parrondo wrote the manuscript; Parrondo and Abdel Rahman collected data;
Heckman and Wieczorek performed statistical analysis; Jiang, Alkhateeb, Litzow,
Greipp, Sher, Bergsagel, Fonseca, Roy, Dispenzieri, Kharfan-Dabaja, Murthy, Ailawadhi,
and Foran edited and finalized the manuscript.

COMPETING INTERESTS
Parrondo, Abdel Rahman, Jiang, Heckman, Wieczorek, Jiang, Alkhateeb, Greipp, Roy, Sher
have no conflicts of interest to declare. Litzow: Research funding: AbbVie, Astellas,
Amgen, Actinium, Pluristem, Advisory Board: Jazz, Omeros. Bergsagel: Consultancy:
Janssen. Fonseca: Consultancy: Amgen, BMS, Celgene, Takeda, Bayer, Janssen, Novartis,
Pharmacyclics, Sanofi, Merck, Juno, Kite, Aduro, GSK, OncoTracker. Board of Directors:
Adaptive Biotechnologies, Caris Life sciences. Dispenzieri: Research Funding: Pfizer,
Alnylam, Takeda, Janssen. Consultancy: Oncopeptides, Sorrento Therapeutic Ailawadhi:
Celgene: Consultancy; Amgen: Consultancy, Research Funding; Pharmacyclics: Research
Funding; Cellectar: Research Funding; Janssen: Consultancy, Research Funding; Takeda:
Consultancy. Foran: Honoraria: Pfizer, Novartis, Servier, BMS, Revolution Medicine, Taiho,
Syros, Sanofi Aventis, Certara, Gamida, OncLive, Research Funding: Abbvie, Boehringer
Ingelheim, Takeda, Trillium, Aptose, Actinium, Kura, h3bioscience, Aprea, Sellas, Stemline.

ADDITIONAL INFORMATION
Correspondence and requests for materials should be addressed to James M. Foran.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2022

Correspondence

4

Blood Cancer Journal           (2022) 12:87 

http://orcid.org/0000-0002-9851-985X
http://orcid.org/0000-0002-9851-985X
http://orcid.org/0000-0002-9851-985X
http://orcid.org/0000-0002-9851-985X
http://orcid.org/0000-0002-9851-985X
http://orcid.org/0000-0002-3609-8404
http://orcid.org/0000-0002-3609-8404
http://orcid.org/0000-0002-3609-8404
http://orcid.org/0000-0002-3609-8404
http://orcid.org/0000-0002-3609-8404
http://orcid.org/0000-0002-9816-6302
http://orcid.org/0000-0002-9816-6302
http://orcid.org/0000-0002-9816-6302
http://orcid.org/0000-0002-9816-6302
http://orcid.org/0000-0002-9816-6302
http://orcid.org/0000-0003-1523-7388
http://orcid.org/0000-0003-1523-7388
http://orcid.org/0000-0003-1523-7388
http://orcid.org/0000-0003-1523-7388
http://orcid.org/0000-0003-1523-7388
http://orcid.org/0000-0002-5938-3769
http://orcid.org/0000-0002-5938-3769
http://orcid.org/0000-0002-5938-3769
http://orcid.org/0000-0002-5938-3769
http://orcid.org/0000-0002-5938-3769
http://orcid.org/0000-0002-5950-4620
http://orcid.org/0000-0002-5950-4620
http://orcid.org/0000-0002-5950-4620
http://orcid.org/0000-0002-5950-4620
http://orcid.org/0000-0002-5950-4620
http://orcid.org/0000-0001-8780-9512
http://orcid.org/0000-0001-8780-9512
http://orcid.org/0000-0001-8780-9512
http://orcid.org/0000-0001-8780-9512
http://orcid.org/0000-0001-8780-9512
http://orcid.org/0000-0001-7394-5185
http://orcid.org/0000-0001-7394-5185
http://orcid.org/0000-0001-7394-5185
http://orcid.org/0000-0001-7394-5185
http://orcid.org/0000-0001-7394-5185
http://orcid.org/0000-0002-8377-8111
http://orcid.org/0000-0002-8377-8111
http://orcid.org/0000-0002-8377-8111
http://orcid.org/0000-0002-8377-8111
http://orcid.org/0000-0002-8377-8111
http://orcid.org/0000-0003-1673-1708
http://orcid.org/0000-0003-1673-1708
http://orcid.org/0000-0003-1673-1708
http://orcid.org/0000-0003-1673-1708
http://orcid.org/0000-0003-1673-1708
mailto:Foran.James@mayo.edu
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Unique characteristics and outcomes of therapy-related acute lymphoblastic leukemia following treatment for multiple myeloma
	References
	Acknowledgements
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




