Therapy-related Myelodysplastic Syndrome Following Primary Breast Cancer

Judith A. Malmgren, MS, PhD1, 2, Gregory S. Calip, PharmD, MPH, PhD3; Shawna M.
Pyott, PhD, FACMG4, Mary K. Atwood, CTR5; and Henry G. Kaplan, MD5

1.

HealthStat Consulting, Inc., Seattle, WA

2.

University of Washington, Department of Epidemiology, Seattle, WA

3.

University of Illinois at Chicago, Center for Pharmacoepidemiology and
Pharmacoeconomic Research, Chicago, IL

4.

PhenoPath Laboratories, Seattle, WA

5.

Swedish Cancer Institute, Department of Oncology, Seattle, WA

Corresponding Author:
Judith A. Malmgren, MS, Ph.D.
12025 9th Ave NW
Seattle, WA 98177
Phone: 206-306-2613
Fax: 206-386-2729
Email: jmalmgren@seanet.com

Conflicts of interest: none

1

Abstract
Background: Therapy-related myelodysplastic syndrome (t-MDS) is a serious clinical
disease occurring after breast cancer treatment.
Methods: A cohort of 11,684 invasive breast cancer (BC) patients from 1990-2014 were
followed for incidence of t-MDS through institutional and the Surveillance, Epidemiology
and End Results (SEER) Program registries. t-MDS cases were identified using ICD-O
SEER registry codes, pathology and chart reports. Treatment, cytogenetics, and time
from BC diagnosis to t-MDS and t-MDS diagnosis to last follow up or death were
obtained. Incidence rate ratios were calculated using SEER national incidence rates for
comparison.
Results: 27 cases of t-MDS post BC treatment were confirmed. 96% of cases were
breast cancer stage I-II at diagnosis. All patients had received radiation treatment and
59% received adjuvant chemotherapy. Two patients were alive with no evidence of
disease after treatment with stem cell transplantation (age 33 and 46). t-MDS incidence
was 30 times the expected population rate among patients < 55 years (RR 31.8, 95%
CI 15.0, 60.8) with shorter time from t-MDS diagnosis to death (median survival time:
<55: 8 months, 55-74: 26 months, 75+: 23 months).
Conclusion: We found elevated t-MDS risk especially among younger BC patients with
stem cell transplantation the only observed curative treatment.
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Background
Therapy-related myelodysplastic neoplasias (tMN) represent clonal
hematopoietic stem cell disorders resulting in abnormal hematopoiesis including both
myelodysplasia (tMDS) and acute myelogenous leukemia (tAML) [1]. The term
therapy-related myelodysplastic syndrome (t-MDS) is used to describe treatmentrelated MDS based on a patient's history of exposure to cytotoxic agents in the form of
either chemotherapy or radiation [2]. Even though t-MDS is rare the outcome is often
lethal and incidence post treatment may increase over time with improved breast cancer
survival due to early diagnosis and clinical advances [3]. The number of invasive breast
cancer patients potentially affected by treatment related myeloid neoplasms could be as
much as .54% 8 year cumulative incidence depending on patient age and treatment
received [4]. However the epidemiology of t-MDS following breast cancer treatment as
distinct from t-AML is not fully characterized with the latency period between primary
diagnosis and therapy-related disease ranging from several months to several years [5].
Risk of t-MN’s among breast cancer survivors varies by age [6], treatment with
cytotoxic radiation and chemotherapy either separately or in combination [7-9], and use
of granulocyte colony-stimulating factors (G-CSF) [10]. Clinical and cytogenetic
associations with t-MN’s following cancer treatment have been documented across
different cancer sites. Characteristics include clonal abnormalities involving loss of all
or part of chromosome 5 and/or 7 with alkylating agents, translocations involving
chromosome bands 11q23 or 21q22 with anthracyclines, and other balanced
rearrangements that can also occur with de novo leukemia [11].
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There is no agreed upon standard treatment approach for patients with t-MDS
following breast cancer treatment. Subsequent t-MDS treatment options vary
considerably and will depend on the severity of disease, cytogenetic abnormalities, and
patient’s performance status [12]. The range of possible treatments include supportive
care when life expectancy is limited, active treatment such as azacytidine, lenalidomide
or cytosine arabinoside and allogeneic stem cell transplantation (SCT) when the intent
of t-MDS treatment is curative [13, 14].
In this report, we expand on our previously published study of therapy-related
myeloid neoplasm incidence following breast cancer diagnosis [7] but are intentionally
reporting on t-MDS specifically as opposed to the broader categories that include t-AML
or t-MN in general. We conducted a retrospective cohort study using our dedicated
institutional breast cancer registry database to identify and describe t-MDS cases,
treatment and outcomes from 1990 and 2014.
Methods
A breast cancer registry of patients seen at our institution was created in 1990
containing detailed information on diagnosis, staging, surgery, chemotherapy, radiation
therapy, tumor markers, and follow up status. Incident cases of breast cancer are
entered into the system in real time as the patients present to the institution and are
followed for all treatment and subsequent outcomes related to their breast cancer
diagnosis. Registry follow up is updated on an annual basis by a certified cancer
registrar with information on recurrence, subsequent treatment and vital status, current
through 2014. Vital and disease status information is obtained from electronic chart
review if the patient is still seen at the institution, or through physician directed follow up
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letter if follow up care is provided elsewhere. Patients not under the care of a managing
physician are contacted by mail using an IRB approved letter from their diagnosing
physician requesting annual follow up information. If no response is received, the
institution’s cancer registry and the SEER Seattle-Puget Sound Registry are reviewed
for patient’s vital and disease status [15]. IRB approved methods were used for patient
follow up and data was input and stored in a password protected HIPAA compliant
database. This project was reviewed and approved by the Institutional Review Board at
our community based regional cancer center. All analyses were conducted using deidentified data as per IRB and HIPAA guidelines.
The cohort of all female breast cancer patients from 1990 to 2014 at our
community based cancer center were reviewed for incidence of blood disorders
(myeloid neoplasms) of any type by our registry follow up system and by linkage to the
Surveillance, Epidemiology and End Results (SEER) registry for our area [15]. All
cases of post breast cancer leukemia were reviewed for incidence of t-MDS. Coding of
cases was assigned by our registrar and the SEER registry using International
Classification of Diseases for Oncology (ICD-O-3) diagnosis codes for type of leukemia
from pathology reports and physician chart notes [16]. We included all cases of MDS
and MDS→AML (histologic type ICD-O-3 codes 9861, 9895, 9920, 9975, 9980, 99829987, 9989). A single patient with cytogenetic abnormality t(8:21)(q22;q22) was
diagnosed in 2000 with MDS, treated for MDS and died of MDS as per death certificate.
In 2008 the WHO classification changed to AML for patients with this particular
cytogenetic abnormality regardless of blast count. As the patient was diagnosed,
treated, and died per diagnostic criteria of the time in the year 2000, the case is
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included in the cohort as an MDS patient [1]. Information on cytogenetic testing was
included if performed and available (N=14). Two patients had cytogenetic testing
summarized in the chart as complex karyotype.
Cases of t-MDS were identified by registry follow up and confirmed with SEER
coding for MDS. One hundred percent follow up was completed on all t-MDS cases as
of 2014 if they were alive or earlier if the patients had died. Death certificates were
obtained on all patients that died during the follow up period and were reviewed for
cause of death. Registry data includes demographic data such as age and race and
disease specific information including diagnosis date, stage at diagnosis, surgery,
adjuvant chemotherapy and radiation treatment, recurrence, treatment for recurrence,
time interval from breast cancer diagnosis and treatment to leukemia diagnosis and time
from leukemia diagnosis to follow up or death.
Population based background MDS rates were calculated for all women ages
20+ years and by age groups (20-54, 55-74 and 75+ years) from the SEER SeattlePuget Sound cancer registry. Stratified age adjustment (5-year intervals) was performed
to standardize incidence rates of expected MDS cases to the reference population. The
adjusted background rates are based on cases representative of a population with the
same age distribution as our cohort of women with breast cancer. Rates of incident
MDS in the cohort were compared to background rates of MDS reported as a first
primary cancer in the group overall and by age stratum. Age-standardized rate ratios
(RRs) and 95% confidence intervals (CIs) were calculated using Poisson regression.
We examined survival following diagnosis of MDS post-breast cancer using the KaplanMeier method. Women were followed from diagnosis of MDS until date of death or end
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of the study period (December 31, 2014). We performed tests for the equality of survivor
functions and trend across groups of age (20-54, 55-74, 75+ years) and type of MDS
(MDS, MDSAML) using stratified log-rank tests. Determination of statistical
significance was based on a 2-sided P value < 0.05. SPSS v23 and Stata were used for
statistical and survival analysis [17, 18].
Results
From our community cancer center cohort of 11,684 patients diagnosed with
invasive breast cancer from 1990 to 2014 with 82,400 person years of follow up, we
identified and confirmed 27 cases of t-MDS following diagnosis and treatment for breast
cancer [cumulative incidence = .23, rate = .33 per 1000 person years]. Median age at
breast cancer diagnosis was 63 years (range: 33-88 years) (table 1). Most cases were
diagnosed with stage I (41%) or stage II (56%) primary breast cancer.
Initial breast cancer treatments were surgery plus radiation only (43%) and
surgery plus radiation and chemotherapy (50%) with two patients treated with only
surgery initially. All but one chemotherapy treated cases received standard
cyclophosphamide-containing regimens and 75% of regimens included doxorubicin.
Four of the t-MDS cases had recurrent breast cancer treated with radiation and
chemotherapy, two of whom had not received either radiation or chemotherapy
previously with their initial breast cancer diagnosis. Therefore, prior to t-MDS diagnosis
all 27 invasive breast cancer patients were treated with surgery, radiation and/or
chemotherapy.
Breast cancer treatment varied significantly by age with all cases less than age
55 receiving chemotherapy and radiation, eight of 12 age 65-74 receiving chemotherapy
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and radiation and three of the six patients age 75 and older receiving both treatments
(p=.037). Of the 27 cases diagnosed with t-MDS, five transformed from t-MDS to t-AML
(t-MDS→t-AML) (19%). Three of the transformed leukemias were in patients age less
than 55 with two age 55 to 65 and all had been treated with both radiation and
chemotherapy for their BC.
Among 16 patients with cytogenetic reports, two patients had normal karyotypes.
Twelve cases had chromosomal abnormalities of 3, 5, 6, 7, 8, 11, 12, 13, 20, or X (75%)
(table 2). Eight patients had complex karyotypes with three or more cytogenetic
abnormalities (47%), all of whom died except for the two transplanted patients. Clonal
abnormalities were observed involving chromosome 5, 7 or both (n=6), chromosome
11q deletion (n=3), chromosome 11q23 or 21q22 (n=2), chromosome 20q deletion
(n=2), trisomy 8 (n=1), chromosome 3 abnormalities (n=2) and one with a partial X
deletion. Two cases had reports of complex karyotypes without specific cytogenetics
('multiple cytogenetic abnormalities unspecified' and 'complex karyotype consistent with
secondary MDS') (table 2). The single patient (age 57) with isolated 5q deletion
syndrome has been treated successfully with lenalidomide.
Treatment specific for post breast cancer t-MDS included stem cell
transplantation (n = 2, 7%), supportive treatment with hematopoietic growth factors and
transfusions (n = 6, 22%), and chemotherapy (n = 12, 44%) with agents including
cytosine arabinoside, azacitidine, hydroxyurea, and lenalidomide (Table 3). Six patients
did not receive treatment due to stable disease or imminent mortality (22%). Only two
patients were treated with stem cell transplantation (SCT) and both achieved cure (age
33 and 46). The other patients age less than 55 patients treated for MDS with
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chemotherapy agents did not achieve stable disease and survival time was short (n =
7). Only three of twelve patients treated with chemotherapy or immunomodulatory
treatment were alive with stable disease, one treated with lenalidomide (age 57) and
two on hydroxyurea (age 59, age 84). The three patients with stable disease not
requiring treatment were age 70, 72, and 78, one with abnormal chromosome 20 and
one with trisomy 12. Patients older than age 65 were more likely to have untreated
stable disease and were less likely to receive stabilizing therapy (p = .15).
Median latency to t-MDS from breast cancer diagnosis was 78 months (range 25205 months), including patients treated for breast cancer recurrence. Overall survival
among t-MDS cases at 5 years was 26% with 7 of 27 cases alive at five years follow up
(figure 1). Median survival following t-MDS diagnosis was 19 months (range = 1.5-115,
n = 20) and 15 months among cases with deaths directly attributed to t-MDS or tMDS→t-AML (range = 1.5-115, n = 19).
Nineteen of the 20 patients died of t-MDS or t-MDS→t-AML and one died of
other causes. Time from MDS diagnosis to death from t-MDS/t-MDS→t-AML and
survival were both shorter for younger patients (p = .119, p = .132) [age <55: 8 months
(range 3-25), age 55-74: 26 months (range 1.5-83), age 75+: 40.5 months (range 3115)] (figure 2 and 3) although neither was statistically significant at the .05 level. Death
rate from t-MDS or t-MDS→t-AML was not significantly different by age (<55 = 78%, 5574 = 58%, 75+ = 67%, p = .867). The death rate was 50% among the 22 t-MDS cases
(deaths = 11) and 80% among the five t-MDS→t-AML transformed cases. Median time
to death from t-MDS diagnosis was 19 months (range 1.5-115) for t-MDS cases and
14.5 months (range 9-38) for t-MDS→t-AML transformed cases without significant
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difference at the .05 level by survival analysis (p=.367) (figure 5). 3 of the 5 t-MDS→tAML cases were less than age 55 years and 2 were age 58 and 63.
t-MDS incidence risk post breast cancer diagnosis and treatment among younger
patients (< 55 years) was 30 times the expected population rate (RR 31.8, 95% CI 15.0,
60.8) (table 4). BC patients age 55-74 also had a significantly increased incidence of tMDS post BC treatment than that expected in the general population (RR = 4.29, 95%
CI = 2.41, 7.63). The incidence rate among patients in the oldest age group was double
the expected rate (RR= 2.06, 95% CI .98, 4.34).
Discussion
We observed an increased risk of therapy-related MDS post invasive breast
cancer diagnosis especially among younger patients. The only curative treatment
observed in our group of community treated patients was bone marrow transplantation.
We observed a high death rate from t-MDS with a significant number of t-MDS cases
transforming rapidly to t-AML and an even higher death rate among transformed cases.
Patients less than age 55 had 30 times the expected incidence of t-MDS with three of
nine cases progressing to t-AML.
Patients treated with cytotoxic agents or radiation therapy are at risk of
developing both myelodysplastic syndrome (t-MDS) and acute myeloid leukemia (tAML). These conditions lie along a continuum of disease categorized by the 2008
WHO classification system as therapy-related myeloid neoplasms (t-MN) [1, 19]. t-MDS
is a heterogeneous and poorly defined disease with a shorter median survival than de
novo AML, MDS, or MDS/MPN and a high risk of evolution to acute myeloid leukemia
[2]. t-MDS post breast cancer diagnosis presents with a trajectory and outcome similar
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to that observed in treatment-related myelodysplasia occurring post treatment for NonHodgkin's Lymphoma [20].
In a study of 306 patients with therapy-related myelodysplasia and myeloid
leukemia, Smith et al found a median survival time of 8 months and 5 year survival rate
of 10% [11]. In a Danish study of secondary and therapy-related AML an increased risk
of death was observed in patients less than age 60 with t-AML [21]. Morton et al in a
review of treatment related AML from 9 U.S. population-based cancer registries (19751980) found standardized incidence ratios were highest among younger age patients
[22]. In our own review of SEER registry data, we found a 30 fold increased risk of
MDS post breast cancer diagnosis among women age 20-49 [6].
Two of our patients had normal karyotypes. All patients with chromosome
abnormalities or recurring balanced rearrangements or both had karyotypes that have
been reported in the literature to be associated with either t-MDS, t-AML, MDS or AML
[19, 23-32]. The most common cytogenetic abnormalities observed were abnormalities
in chromosome 5 (-5), or 7 (-7) or both and were found in 38% of patients.
Chromosome 5 and/or 7 abnormalities are associated with treatment with alkylating
agents or radiation therapy and have an unfavorable prognosis [11, 23]. Three patients
had abnormalities in chromosome 11 with or without q21q23. All three had been
treated for breast cancer with doxorubicin which has a well documented critical
association with t-MDS and this chromosome abnormality [33, 34]. Five of the 27 MDS
cases transformed to AML. One of the five MDS→AML cases had a chromosome 3
abnormality and died within nine months of diagnosis. This rapid transformation and dire

12

prognosis has been seen previously in the presence of a chromosome 3 abnormality
[25].
It has been noted that both MDS and t-MDS patients present with complex and
diverse karyotypes making stratification for treatment by presentation characteristics
difficult [35, 36]. Overall our t-MDS patients presented with diverse karyotypes with no
single or combination of cytogenetic abnormalities unifying their t-MDS presentation or
outcome. In our cohort of patients even those with lesser risk prognostic cytogenetics
died of t-MDS (normal, partial del(X)).
There are three types of treatment for t-MDS, curative (SCT), stabilizing
(azacytidine, cytosine arabinoside, hydroxyurea, lenalidomide) and supportive
(erythropoietin, transfusions) [13, 14, 37]. It is recommended that treatment-related
myelodysplasia patients be considered for SCT early in the course of disease due to a
very high risk of rapid progression and mortality with or without transformation to AML
[38]. Although SCT has curative potential it is not without risk of failure [39]. In de novo
MDS patients, azacytidine has shown overall survival advantage compared to patients
treated with best supportive care, low-dose cytosine arabinoside, or intensive
chemotherapy in a randomized clinical trial which did not include t-MDS patients [40].
Stable disease was obtained in a single patient in our cohort, age 57 years, treated with
lenalidomide for t-MDS with 5q deletion syndrome. Lenalidomide has been approved
for treatment of del5q MDS patients and clinical trials are ongoing [41].
The primary strength of our study is real time detailed data collection by a
dedicated registrar and complete follow up of our registry cohort for recurrence and
identification of incident myeloid neoplasms such as t-MDS, a disease not routinely
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reported or followed in registries. The small number of t-MDS cases is a limitation as
we are not able to evaluate the association between patient and treatment
characteristics and outcomes due to small numbers or zero cells when data are
stratified. We are able to estimate the risk of t-MDS by age group compared to U.S.
population rates and identify disease risk by age. We are unable to evaluate treatment
efficacy from a retrospective cohort study. Cytogenetic studies were not done on all
patients and less often on patients age 65 years and older.
t-MDS is a clinically and pathologically complex disease with the same force of
mortality as t-AML in most cases. The potential for rapid disease progression is
combined with limited effective treatment options post treatment for a prior neoplasm.
The Revised International Prognostic Scoring System for untreated myelodysplastic
syndromes includes age as a significant additive feature for survival [12]. Prognostic
classifications based on karyotype exist to help predict outcomes post SCT for de novo
and treatment related MDS and AML [42]. It appears from our study, young age and/or
multiple cytogenetic abnormalities may be overriding predictors of poor outcome in tMDS post breast cancer treatment. The large variation of cytogenetic abnormalities in
treatment related myelodysplasia is not understood and risk stratification by karyotype
may not be relevant in treatment related cases. We did not observe a heterogeneous
prognosis in t-MDS patients less than age 55 in relation to disease karyotype.
Evaluation and enumeration of t-MDS incidence post breast cancer treatment
may provide insight into the puzzling and diverse biology of therapy-related
myelodsyplastic syndromes. Larger studies with adequate power to conduct
multivariate analysis to evaluate age and cytogenetic influence on outcome may be
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useful to guide treatment as well as continued clinical trials. In the absence of
adequately powered studies and given our observation of 100% fatality without stem
cell transplantation in our younger patients, stem cell transplantation appears to be a
compelling choice for eligible patients in this group.
Conclusions
t-MDS is a disease with inherent adverse prognosis and limited clinical options
due to its' association with prior radiation and/or chemotherapy treatment. Early breast
cancer detection and use of commercially available genetic risk testing for treatment
decisions could reduce the number of breast cancer patients exposed to chemotherapy
and radiation thus reducing t-MDS risk [43]. Given the insidious onset of t-MDS,
inclusion of annual complete blood counts for monitoring younger invasive breast
cancer patients for post treatment blood neoplasms may be warranted.
Our results confirm previous observations of therapy-related MDS post breast
cancer diagnosis as an uncommon but rapidly progressive and deadly disease
especially in younger women. From our study results, incidence at younger age and
presence of multiple cytogenetic abnormalities appear to add challenging complexity to
a therapy-related MDS diagnosis.
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Table 1. Characteristics of MDS post BC treatment patients (n=27)
n
(%)
Age, years (median, range)
63
(33-88)
<55
9
(33.3)
55–74
12
(44.4)
75+
6
(22.2)
BC stage at diagnosis
I
11
(40.7)
II
15
(55.6)
III
1
(3.7)
Lymph node status
Positive
8
(29.6)
Negative
17
(63.0)
Missing
2
Tumor size, cm (mean, SD)
2.0
(1.7)
<2 cm
17
(63.0)
≥2 cm
10
(37.0)
Missing
Initial BC treatment
Surgery only
2
(7.1)
Surgery plus radiation
12
(42.9)
Surgery plus radiation and chemotherapy
14
(50.0)
Patients with recurrence
(Treated with radiation and chemotherapy)
4
(14.8)
Latency time (years) to MDS diagnosis
Mean interval from BC diagnosis (range)
7.1
(2.1-17.1)
Mean interval from last BC treatment (range)
5.8
(1.0-12.6)
Histology and behavior (ICD-O code)
9861 Acute myeloid leukemia NOS
1
(3.7)
9895 Acute myeloid leukemia with myelodysplasia
1
(3.7)
9920 Therapy-related myeloid neoplasms
2
(7.4)
9975 Myelodysplastic/myeloproliferative neoplasm,
3
(11.1)
unclassifiable
9980 Myelodysplastic syndromes, refractory anemia
1
(3.7)
9982 Myelodysplastic syndromes with ringed
2
(7.4)
sideroblasts
9983 Myelodysplastic syndromes with excess blasts
5
(18.5)
9986 Myelodysplastic syndromes with 5q deletion
3
(11.1)
9987 Therapy-related myelodysplastic syndrome
4
(14.8)
9989 Myelodysplastic syndrome, unclassifiable
5
(18.5)
Vital status
Alive with disease
5
(18.5)
Alive NED (bone marrow transplant cases)
2
(7.4)
Died (due to MDS or MDS-->AML)
19
(70.3)
Died (due to other cause)
1
(3.7)
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Table 2. Cytogenetic abnormalities by age with latency period and outcomes (n=16)
Months,
BC to
Age at
MDS
BC
diagnosis diagnosis Cytogenetic abnormalities
Vital status
25
33
t(9,11),-7,del(6)
Alive NED (SCT)
162 (138)*
37
46 XX[20] Normal
Died MDS
85
38
t(11)(q21q23) (t-MDS→t-AML)
Died AML
122 (94)*
41
-5, -7, +19,del(3p),del(12p)
Died MDS
92 (12)*
50
t(8;21)(q22;q22)
Died MDS
104
50
Complex karyotype consistent
Died MDS
with secondary MDS**
53
57
del(5q)
Alive w/ MDS
(Lenolidamide)
146
62
del (5q),del(7q)
Died MDS
85 (27)*
63
46,XX [20] Normal
Died MDS
32
63
inv(3)(q11.2q26),del(5q), -7
Died AML
(t-MDS→t-AML)
129
66
del (20q),+8
Died MDS
43
72
del(20q)
Alive w/ MDS
(no tx)
186
73
Multiple cytogenetic abnormalities**
Died MDS
43
76
partial del(X)
Died MDS
69
78
trisomy 12 (+12)
Alive w/ MDS
(no tx)
63
82
del(5q),-13,-18
Died MDS
*(months) time post chemotherapy for breast cancer recurrence to MDS
** report from chart without exact cytogenetics, pathology was not available.
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Table 3. t-MDS treatment by age (n=27)

Treatment category
Stable disease, no treatment
Patient mortally ill, no treatment
Supportive treatment only
Stabilizing therapy treatment
Stem cell transplant
Unknown treatment

Age < 65
N (%)

Age 65+
N (%)

Total
N (%)

0
1 (6%)
4 (25%)
8 (50%)
2 (13%)
1 (6%)
16 (59%)

3 (27%)
2 (18%)
2 (18%)
4 (36%)
0
0
11 (41%)

3 (11%)
3 (11%)
6 (22%)
12 (44%)
2 (7%)
1 (4%)
27 (100%)

3 (27%)
2 (18%)
0
0

6 (22%)
4 (15%)
1 (4%)
1 (4%)

0
0
0
0
3 (27%)

5 (19%)
2 (7%)
1 (4%)
1 (4%)
5 (19%)

0

1 (4%)

Treatment regimens
Supportive treatment
hematopoietic growth factors*
3 (11%)
transfusions
2 (13%)
prednisone
1 (6%)
splenectomy
1 (6%)
Stabilizing treatment: chemotherapy*
azacytidine
5 (31%)
cytosine arabinoside
2 (13%)
cytosine arabinoside /idarubicin
1 (6%)
fludarabine
1 (6%)
hydroxyurea
2 (13%)
Immunomodulatory agent treatment
lenalidomide
1 (6%)
*patients may have received multiple treatments
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Table 4. Observed MDS cases and age-standardized expected MDS incidence from the Seattle-Puget
Sound SEER registry
AgeAgestandardized
Observed Expect Observ standardrate per
ized rate
expected rate Person
ed
ed
P value
per 100,000
-years
100,000
cases
cases
ratio
(95% CI)
All
6.0
82,400
32.8
4.9
27
5.46
(3.47,
<0.001
ages
8.60)
20-54
1.1
39,954
22.5
0.3
9
31.71
(14.98,
<0.001
years
60.80)
55-74
10.2
34,748
34.5
2.8
12
4.29
(2.41,
<0.001
years
7.63)
75+
43.4
7,699
77.9
3.3
6
1.80
(0.80,
0.149
years
4.02)
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Figure 1. Overall Survival for MDS post breast cancer patients (n=27)
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Figure 2. Median time (vertical line) with interquartile range (box) from MDS diagnosis to
MDS-specific death by age group (n=27)
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Figure 3. Kaplan-Meier survival function for MDS-specific death by age at BC diagnosis
(≤55, 56-74, 75+ years)
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Figure 4. Survival time for MDS vs MDS→AML cases (n=19)
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