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herapy-related myeloid neoplasms (t-MN) encompass a
group of diseases, including myelodysplastic syndrome
(MDS) and acute myeloid leukemia (AML), occurring
after chemotherapy or radiation used to treat another
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cancer, either solid tumor (ST) or hematological malignancy, or
less often another disease entity, for example, autoimmune dis-
orders. For instance, it is estimated that the cumulative 10-year
incidence of t-MN after breast cancer is 0.5% (reviewed in
reference 1). The number of these t-MNs is expected to grow
with the increase of life expectancy after cancer therapy, since
they occur several years after chemotherapy. The prognosis of
t-MN is dismal, and life expectancy is lower than in de novo
myeloid disease.> Consequently, patients <75 years lacking
multiple comorbidities are regularly referred for consideration
of allogeneic hematopoietic cell transplant (allo-HCT), which
remains the only curative option. While the median age at t-MN
diagnosis is 65 years, and many of these individuals may have
several comorbidities, a minority may be eligible for allo-HCT.
A large Swedish registry based analysis reported that 20% of
therapy-related AML patients could be transplanted.’ During
the last decade, large studies based on international registries
have reported that 3-year relapse-free survival (RFS) from
the date of allo-HCT is estimated between 25% and 33%.%7
Outcomes after allo-HCT have progressively improved over
time, with a recent European Society for Blood and Marrow
Transplantation (EBMT) study demonstrating a 2-year overall
survival (OS) of 44% in patients with secondary leukemia (79 %
of them post-myeloproliferative neoplasm [MPN] or post-
MDS).? Our group recently reported that the primary hema-
tological disease impacts the outcome following allo-HCT in
patients with AML arising from MDS, MPN, and chronic myel-
omonocytic leukemia, and that patients with a previous MPN
had a worse outcome.’ In addition to the primary hematological
disease, these previous reports identified the following risk fac-
tors for mortality: older age, leukemia disease status at time of
allo-HCT, cytogenetics, Karnofsky score, and utilization of an
alternative donor. The recent Center for International Blood and
Marrow Transplant Research (CIBMTR) report identified age,
disease risk, and previous autologous HSCT as risk factors for
outcome.® We hereby report outcomes following allo-HCT for
t-MN occurring after nonmyeloid disease and determine if the
primary cancer impacts outcomes.


mailto:marie.robin@aphp.fr
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

AQ12

Robin et al

The study was approved and conducted by the Chronic
Malignancies Working Party of the EBMT. From the EBMT reg-
istry, patients 18 years or older at time of allo-HCT, with MDS
or AML occurring after therapy for a primary cancer who under-
went allo-HCT between 2006 and 2016 were included. Patients
who had AML secondary to MDS or MPN were excluded.

We identified 2334 patients with t-MN, either AML (n = 1353)
or MDS (n = 981). MDS was classified with excess blasts in 505
(52%) patients (unknown in 20 patients). Median age at time of
allo-HCT was 57 years (range, 18-79). Among patients where
Karnofsky score had been annotated (n = 2066), the majority
had a Karnofsky score of 90 or higher (n = 1376; 67%). Primary
cancers were chronic lymphocytic leukemia (CLL) in 102 (4%),
non-Hodgkin lymphoma (NHL) in 668 (29%), Hodgkin lym-
phoma (HL) in 235 (10%), plasma cell disease (PCD) in 111
(5%), breast cancer in 643 (28%), and other ST in 575 (25%).
Median interval between the primary cancer and the t-MN was
59 months (interquartile range [IQR]: 30-109) and median
time between t-MN diagnosis and HCT was 5.7 months (IQR:
4.1-9.1). There was a higher proportion of patients with a pre-
vious autologous HCT in patients with PCD (82%), HL (59%),
and NHL (52%) compared with patients with CLL (20%),
breast cancer (1%), or other ST (5%) as primary diagnosis. An
HLA-matched sibling donor (SIB) was the donor in 722 (31%)
patients, all other patients received a transplant from an unre-
lated donor (information missing in 4 patients). Some variables
were unwell balanced according to the type of donor, especially
age, type of disease, regimen intensity, use of total body irradi-
ation, disease status, and time from t-MN to transplantation
(Suppl. Table 1S). The conditioning regimen was myeloabla-
tive conditioning regimen (MAC) in 843 (36%). Disease status
(missing in 66 patients) was associated with the type of disease:
30% of MDS (95% confidence interval [CI], 28%-34%) and
77% of AML patients (95% ClI: 74%-79%) were in complete
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remission (CR) at time of allo-HCT (P < 0.001). Most of the
AML patients in CR were in first CR (902 patients, 68 %), the
remainder were in CR2 (8%) or in CR without further specifi-
cation (1%). Disease Risk Index!® was very high in 106 (4.5%),
high in 775 (33%), intermediate in 1376 (59%), and low in 77
(3.3%).

During the follow-up period, 1416 patients died and main
causes of death were allo-HCT-related (n = 710) and relapse of
t-MN (n = 706). Among the 710 patients without t-MN relapse,
infection was the cause of death in 273 (38%) and graft ver-
sus host disease (GVHD) in 172 (24%) patients (Suppl. Table
2S). A minority of patients (3%) died from another malignancy
without details whether it was the primary cancer or a second
cancer including post-transplant lymphoproliferative disease.

Five-year OS and 5-year RFS were 34% (95% CI: 32-36) and
32% (95% CI: 30-34), respectively. The association between
OS and disease stage was significantly different in patients with
AML and with MDS (test for interaction disease x disease stage
P <0.001). Five-year OS was significantly better in patients with
AML in CR (43% [39-46] versus 22% [17-27]), hazard ratio
(HR): 0.48, 95% CI, 0.41-0.56, P < 0.001) while CR status at
time of allo-HCT did not significantly impact outcome in MDS
patients (30% [24-37] versus 29% [25-33], HR: 0.87, 95% CI,
0.73-1.04, P = 0.13). OS was also related to disease risk index
(DRI) with 5-year OS estimated at 61% [49-74] in low risk,
39% [36-42] in intermediate risk, 26 % [22-30] in high risk, and
11% [5-17] in very high risk (P < 0.001). Patients with nor-
mal cytogenetics (n = 397) had a better 5-year OS than patients
with aberrant cytogenetics (n = 1036) (43% [38-49] versus 33%
[30-36], P < 0.001) as well as patients who did not receive a
previous autologous transplant (no autologous transplant, 37%
[34-39], 1, 29% [18%-40%], 2: 25% [20-29], P < 0.001). OS
was significantly better using a SIB donor (38% [34-42] versus
32% [30-35], P = 0.05) and in patients with better Karnofsky

Results of Multivariable Analyses by (Cause-specific) Cox Proportional Hazards Models

Overall Survival

Disease-free Survival

Relapse Incidence Nonrelapse Mortality

HR (95% Cl) PValue? HR (95% CI) PValue? HR (95% CI) PValue? HR (95% CI) PValue?

Age (continuous, 10'y) 1.04 (0.98-1.10) 0.19 1.02 (0.97-1.08) 0.45 0.93 (0.86-1.00) 0.05 1.16 (1.06-1.26) 0.001
Performance status

Karnofsky >90 (reference) 1.00 1.00 1.00 1.00

Karnofsky <90 1.33(1.18-1.50) <0.001 1.26 (1.11-1.42) <0.001 1.27 (1.08-1.50) 0.003 1.22 (1.02-1.47) 0.03
Regimen intensity

Reduced (reference) 1.00 1.00 1.00 1.00

Myeoloablative 1.07 (0.94-1.22) 0.28 0.98 (0.86-1.11) 0.71 0.77 (0.65-0.92) 0.004 1.29 (1.07-1.56) 0.007
Donor type

HLA-matched sibling (reference) 1.00 1.00 1.00 1.00

Other 1.21(1.06-1.38) 0.004 1.10(0.97-1.25) 0.15 0.88 (0.75-1.04) 0.13 1.48(1.21-1.82)  <0.001
Previous auto-HCT

None (reference) 1.00 1.00 1.00 1.00

1 or more 1.27 (1.08-1.49) 0.004 1.19(1.01-1.40) 0.03 1.30 (1.04-1.62) 0.02 1.06 (0.84-1.35) 0.61
t-MN category <0.001 <0.001 <0.001 <0.001

MDS (reference) 1.00 1.00 1.00 1.00

AML in CR 0.79 (0.69-0.90) 0.78 (0.68-0.89) 0.80 (0.67-0.95) 0.77 (0.63-0.93)

AML not in CR 1.47 (1.24-1.75) 1.45(1.22-1.72) 1.55 (1.23-1.96) 1.31(1.01-1.70)
Primary cancer 0.18 0.42 0.95 0.006

Breast cancer (reference) 1.00 1.00 1.00 1.00

Hodgkin lymphoma 1.24 (0.92-1.68) 1.17 (0.93-1.47) 0.94 (0.69-1.27) 1.54 (1.10-2.17)

Non-Hodgkin lymphoma 1.25 (1.00-1.57) 1.13(0.95-1.34) 0.90(0.71-1.13) 1.48 (1.15-1.92)

CLL 1.18 (0.99-1.41) 1.17 (0.87-1.58) 0.93(0.61-1.41) 1.54 (1.01-2.34)

Plasma cell disease 1.11(0.95-1.31) 0.96 (0.71-1.30) 0.99 (0.66-1.46) 0.91 (0.55-1.48)

Other solid tumor 0.96 (0.70-1.31) 1.01(0.86-1.18) 0.92 (0.75-1.14) 1.12(0.88-1.44)

2P values were obtained with the Wald test.

AML = acute myeloid leukemia; CI = confidence interval; CLL = chronic lymphocytic leukemia; CR = complete remission; HCT = hematopoietic cell transplant; HR = hazard ratio; MDS = myelodysplastic
syndrome; t-MN = therapy-related myeloid neoplasms.
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score (38 [35-41] for Karnofsky score 90 or 100 versus 28%
[24-32] if score <80, P < 0.01). Of key importance, 5-year
OS was impacted by the primary cancer with the best OS in
patients with t-MN postbreast cancer: breast cancer (41% [37-
45]), NHL (30% [26-34]), HL (29% [22-35]), ST (34% [29-
38]), CLL (34% [24-44]), and PCD (32% [21-42]) (P < 0.001).
Five-year non-relapse mortality (NRM) was higher after utiliza-
tion of a non-SIB donor (34% [31-36] versus 23% [20-27], P <
0.001) and after MAC (33% [30-37] versus 28% [26-31], P <
0.001). NRM was also associated with the primary cancer with
the highest NRM in t-MN post NHL (37% [32-41]) and the
lowest in postbreast cancer (24% [21-28]). Five-year RFS was
not impacted by the primary cancer but all other variables prog-
nostic for OS were also predictive for RFS (univariate analysis

www.hemaspherejournal.com

not shown, multiple variables analysis in Table 1). Relapse inci-
dence was higher after reduced intensity conditioning regimen
(RIC) (40% [38-43] versus 34% [30-38], P = 0.014) and was
significantly influenced by the primary type of cancer. Survival
curves estimating the outcomes according to the primary cancer
are shown in Figure 1. Acute GVHD and chronic GVHD inci-
dence were not significantly different according to the primary
cancer (Suppl. Table 3S and Suppl. Figure 1S).

Multiple variables Cox (cause-specific) proportional haz-
ards models were generated to assess the impact of the primary
type of cancer, adjusting for potential confounders: age, previ-
ous autologous transplantation, regimen intensity, donor type,
Karnofsky score, t-MN category (AML in CR, AML not in CR,
MDS). Using postbreast cancer t-MN as a reference, patients
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Figure 1. Outcome in patients with tMN according to the primary cancer. Overall survival (A), relapse-free survival (B), cumulative incidence of nonrelapse
mortality (C), and cumulative incidence of relapse (D) according to the primary disease. CLL = chronic lymphocytic leukemia; HL = Hodgkin lymphoma; NHL = non-Hodgkin

lymphoma; PCD = plasma cell disease; ST = solid tumor.
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with Hodgkin lymphoma, non-Hodgkin lymphoma or CLL had
a significantly higher adjusted risk of events for NRM and a
trend to a higher risk of overall mortality (Table 1). Of partic-
ular note, relapse risk for t-MN was not impacted by the pri-
mary cancer. Results from the multivariable models are shown
in Table 1.

Our study, including a large number of therapy-related
MDS and AML, hence confirmed that outcome, and partic-
ularly NRM, is influenced by the antecedent primary dis-
ease. Post-breast cancer t-MN had the lowest risk of NRM
compared with lymphoid disorders. Unfortunately, complete
molecular data were not available in the registry to ana-
lyze if these patients differ according to genetic risk profile.
However, the fact that relapse risk was not impacted by the
primary disease type does not support that hypothesis. We
were not able to determine the reason for the higher risk of
NRM, even if pretransplant chemotherapy is known to be dif-
ferent in patients treated for solid cancer compared with lym-
phoid diseases. Patients with lymphoid disease received more
frequently a previous autologous transplantation which might
increase the risk of NRM. However, autologous transplanta-
tion have not increased this risk in our study, it increased the
risk of relapse. Furthermore, myeloma patients who mostly
received an autologous transplant were not at higher risk
of NRM. Previous autologous transplant could not explain
the excess risk of mortality. One hypothesis is that patients
treated for chronic lymphoid disease have more profound
immune deficiencies than patients treated for solid cancer and
this hypothesis could perhaps be supported by the high fre-
quency of infections as causes of death in this study.

To conclude, in patients with t-MN, the primary cancer
should be taken into account to adapt transplant procedures
accordingly, limiting potential toxicity (myeloablative regimen)
and to better prevent infection in patients with previous chronic
lymphoid diseases who may be at higher risk of infection and
non-relapse post-transplant mortality.
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