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Aplastic Anemia »

Aplastic anemia happens
when the bone marrow
stops making blood cells
for the body.

Myelodysplastic
Syndromes (MDS) »

MDS is a group of
disorders that happens
when bone marrow cells
don't mature.

Paroxysmal Nocturnal
Hemoglobinuria (PNH) »

PNH is a rare blood
disease that causes red
blood cells to break apart.
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Learn from experts and meet other patients and families
at one of our remaining free conferences. Chicago on
October 24, and Tampa on November 14.
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Outline
ØChanges	  in	  Immunosuppressive	  Therapy
•Newer	  agents

ØChanges	  in	  Blood	  and	  Marrow	  Transplantation
•Unrelated	  Donors
•Alternative	  Donors
•Minimization	  of	  Late	  Effects

ØInteresting	  New	  Biology
• Telomeres	  and	  Outcomes
•Blood	  Cell	  Mutations	  and	  Outcomes
•Bone	  Marrow	  Failure	  Genes

ClinicalTrials.gov Search

Ø100	  currently	  open	  studies

Ø60	  currently	  open	  in	  the	  United	  States
•27	  protocols	  related	  to	  BMT	  for	  aplastic	  anemia
•22	  not	  really	  related	  or	  specific	  to	  aplastic	  anemia
•5	  non-‐therapeutic	  studies
•5	  examining	  Eltrombopag
•1	  examining	  horst	  ATG
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Changes	  in	  Immunosuppressive	  Therapy

Immunosuppressive	  Therapy

ØPreviously	  Tried
•WBC	  growth	  factors
• Erythropoietin
• Danazol and	  other	  androgens
• Sirolimus
•MMF
• Cyclophosphamide

ØUnder	  Investigation
• Tacrolimus
• Levamisole
• Alemtuzumab
• Eltrombopag
• Romiplostim

Alemtuzumab

ØTreatment	  Naïve	  – 19%	  response	  (n=16)
•Closed	  early	  due	  to	  lack	  of	  efficacy

ØRelapsed	  – 56%	  response	  (n=25)
•23%	  relapse	  and	  11%	  clonal	  evolution

ØRefractory	  – 37%	  response	  (n=27)
• Trend	  of	  improvement	  over	  rabbit	  ATG	  +	  CSA

Scheinberg et	  al
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Eltrombopag

Ø40%	  response	  rate	  (n=43)

ØGood	  safety	  profile

Ø19%	  clonal	  evolution

ØBeing	  investigated	  in	  combination

Desmond	  et	  al

Changes	  in	  Blood	  and	  Marrow	  Transplant

Unrelated	  Donor	  Transplantation

ØImprovements	  in:
• Supportive	  Care
•HLA	  Matching
• Time	  to	  Transplantation
•Reduced	  Intensity	  Strategies

•Reductions	  in	  cyclophosphamide
•Reductions	  in	  or	  elimination	  of	  total	  
body	  irradiation	  (TBI)

Bacigalupoet	  al
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Unrelated	  Donor	  Transplantation
BMT	  CTN	  0301	  (United	  States)

Ø96	  patients	  (1-‐66	  years	  old)
ØBMT	  with	  fludarabine,	   low	  dose	  
TBI,	  ATG,	  and	  cyclophosphamide	  
at	  different	  dose	  levels

Articles
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graft failure. However, deaths might continue to occur 
and will be monitored and reported as a planned 
secondary outcome. Although almost all patients had 
received immunosuppressive treatment before 
transplantation, and the median interval between 
diagnosis and transplantation was longer than 6 months, 
identifi ed as a key prognostic factor,30 day 100 and 1 year 
survival were excellent for young adults after unrelated 
donor transplantation.

Graft failure rates were somewhat higher than those 
reported with cyclophosphamide 200 mg/kg, TBI 2 Gy, 
and anti-thymocyte globulin,6 but not the other regimens 
for unrelated donor transplantation.7,21,31 Salvage with 
second transplants was disappointing, emphasising the 
need for optimised fi rst transplant regimens. Other 
investigators have suggested that a longer interval 
between transplantations and good performance scores 
predict better survival after second transplantation in 
patients who sustained graft rejection as well but had a 
shorter interval between transplant and worse 
performance scores.32

Although a third of patients had EBV reactivation or 
EBV-post-transplant lymphoproliferative disorder, 
presumably related to the high dose of anti-thymocyte 
globulin, no deaths were attributed to EBV-post-
transplant lymphoproliferative disorder, presumably 
because of the close monitoring and prompt intervention, 
unlike in previous trials, which showed mortality directly 
attributed to viral (ie, EBV) reactivation ranging from 
2·5% to 4%.6,8 This trial was powered only for a Bayesian 
desirability comparison between the diff erent doses of 
cyclophosphamide for the primary endpoint (graft failure 
and survival at day 100 after transplantation).

No signifi cant diff erences were noted in performance 
score, age, or HLA match between the treatment groups, 
but there might have been diff erences in unmeasured 

or unknown factors. The small sample size prevents us 
from doing exploratory subset analyses. Although the 
protocol allowed the enrolment of patients up to 65 years 
of age, the median age was much lower at 21 years. This 
is refl ective of clinical practice—most unrelated donor 
transplants are off ered to children and young adults. 
The median age of patients in the Japanese and 
European reports was 17 years and 14 years, respectively.5,7 
Therefore, the generalisability to older patients of 
outcomes after unrelated donor transplantation for 
severe acquired aplastic anaemia cannot be ascertained 
from this study or the above studies.5,7

Transplantation from HLA-mismatched adult 
unrelated donors for non-malignant haematological 
diseases has been associated with a doubling in graft 
failure rates and an 8% absolute diff erence in overall 
survival.31 Because most transplants were HLA matched 
in the cyclophosphamide 50 mg/kg cohort, the 
desirability of this dose might at least partly be 
attributable to HLA matching rather than the dose itself.

In conclusion, in this phase 1–2 trial, we identifi ed 
cyclophosphamide 50 mg/kg as the most desirable dose 
in combination with TBI 2 Gy, fl udarabine 120 mg/m², 
and anti-thymocyte globulin for engraftment and early 
survival for unrelated donor transplantation in patients 
with severe acquired aplastic anaemia. A dose of 
100 mg/kg, although slightly less desirable, also provided 
promising early results. These cyclophosphamide doses 
should be assessed further, ideally in the context of a 
randomised trial.
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Figure 2: Overall survival by cyclophosphamide dose
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the cohort were used to update the β-binomial posterior 
distributions for the engraftment and fatality without 
graft failure rates for the dose that the cohort received. 
The desirability of a dose was defi ned geometrically as 
the Euclidean distance between the dose’s posterior 
means of engraftment and fatality without graft failure 
and the ideal point (1,0) on the trade-off  contour, 
corresponding to 100% engraftment and 0% death 
without graft failure.

All the secondary analyses were exploratory, and no 
formal statistical comparisons were done. Kaplan-Meier 
survival curves were constructed for each 
cyclophosphamide dose. Cumulative incidences for acute 
graft-versus-host disease, chronic graft-versus-host 
disease, and graft failure were constructed for each 
cyclophosphamide dose with death as a competing risk. 
Recipients of second transplants were censored at the 
date of second transplant for all endpoints except survival. 
Statistical analyses were done with SAS (version 9.3). The 
desirability computation and cumulative incidence 
analyses were done with R software (version 2.15.1).

This trial is registered with ClinicalTrials.gov, number 
NCT00326417.

Role of the funding source
The funder did not participate in the study design, or 
data gathering, analyses, or interpretation. The US 
National Institutes of Health appointed a committee to 
review and approve the study protocol, and appointed a 
data safety monitoring board. The corresponding and 
senior authors had full access to all the data and the fi nal 
responsibility to submit for publication. 

Results
We previously published the results of patients treated 
with cyclophosphamide 0 mg/kg and 150 mg/kg.19 Table 2 
shows the characteristics of patients who received 
cyclophosphamide 50 mg/kg or 100 mg/kg. In the 
cyclophosphamide 50 mg/kg cohort, six patients were 
enrolled during phase 1 and 32 during phase 2; and in 
the cyclophosphamide 100 mg/kg cohort, six patients 
were enrolled during phase 1 and 35 during phase 2. The 
median age at transplantation of patients who received 
cyclophosphamide 50 mg/kg or 100 mg/kg was 
20∙6 years (range 0∙5–65∙9). The median age of patients 
in the cyclophosphamide 50 mg/kg and 100 mg/kg 
groups were 24∙5 years and 17∙6 years, respectively 
(table 2; p=0∙10). Seven (18%) patients given 
cyclophosphamide 50 mg/kg and 14 (34%) given 
cyclophosphamide 100 mg/kg had HLA mismatches (ie, 
7/8 HLA matched; table 2; p=0∙10). We did not obtain 
data about pretransplant transfusion history. Several of 
the patients in our study were treated at institutions 
other than the institution where the transplant was done 
and transfusion data were not readily available or thought 
to be accurate. The median follow-up of the surviving 
patients given cyclophosphamide 50 mg/kg and 

100 mg/kg was 17 months (IQR 12–24, range 4–26) and 
24 months (24–25; range 12–51), respectively.

Day 100 outcomes (graft failure, major regimen-related 
toxicity, and early death) for patients who received 
cyclophosphamide 50 mg/kg or 100 mg/kg are 
summarised in table 3. The computed desirability with 
the Bayesian method was 0∙524 and 0∙216 for 
cyclophosphamide doses 50 mg/kg and 100 mg/kg, 
respectively (appendix). A higher value indicates higher 
desirability. Cyclophosphamide 50 mg/kg had a posterior 
mean for engraftment of 91∙2% (95% credible interval 
[CrI] 82∙6–98∙5) and a posterior mean for fatality without 
graft failure of 0∙7% (0–3∙3). Cyclophosphamide 
100 mg/kg had a posterior mean for engraftment of 
85∙7% (95% CrI 75∙3–95∙1) and a posterior mean for 
fatality without graft failure of 1∙4% (0–4∙9).

The cumulative incidence of graft failure at 12 months 
was 11∙7% (95% CI 3·5–25·4) for cyclophosphamide 
50 mg/kg and 14∙6% (5·9–27·2) for cyclophosphamide 
100 mg/kg (fi gure 1). Eight of nine patients had secondary 
graft failure; one patient had primary graft failure with 
cyclophosphamide 50 mg/kg. The median time to 
secondary graft failure was 2∙4 months (range 1∙9–11∙9) 
with cyclophosphamide 50 mg/kg, and 2∙0 months 
(0∙7–5∙0) with cyclophosphamide 100 mg/kg. In the 
cyclophosphamide 50 mg/kg cohort, three patients had 
graft failure before day 100 and one patient had graft 
failure after day 100. Of the four patients who had graft 
failure at the 50 mg/kg dose, two received a second 
transplant and both are alive. Two patients did not receive 
a second transplant, and one is alive. Six patients had 
graft failure at the 100 mg/kg dose, and all six died, three 
after a second transplant. The remaining patients in the 
cyclophosphamide 50 mg/kg and 100 mg/kg groups had 
donor chimerism of more than 95% in peripheral blood 
or bone marrow at day 100 and day 365. Long-term (ie, 
>1 year) chimerism was not a prespecifi ed outcome and, 
therefore, was not a required test for patients enrolled on 
the trial. All three patients treated at the 0 mg/kg dose 
received second transplants, and one is alive. No graft 
failure was reported in patients given cyclophosphamide 
150 mg/kg.

Cyclophosphamide 
50 mg/kg (n=38)

Cyclophosphamide 
100 mg/kg (n=41)

Graft failure, primary and 
secondary

3 (8%) 6 (15%)

Survival 37 (97%) 39 (95%)

Major regimen-related 
toxicity* (grade 3 or higher)

4 (11%) 9 (22%)

Alive and engrafted 35 (92%) 35 (85%)

Data are number (%). *Defi ned as severity of grade 4 in any organ system or 
grade 3 for pulmonary, cardiac, renal, oral, mucosal, or hepatic toxicity, in keeping 
with the approach adopted in Deeg and colleagues.6 

 Table 3: Outcomes at day 100 in the cyclophosphamide 50 mg/kg and 
100 mg/kg cohorts

Unrelated	  Donor	  Transplantation
FCC	  Regimen	  (United	  Kingdom

Ø44	  patients	  (4-‐19	  years	  old)
ØBMT	  with	  fludarabine,	  
cylophosphamide,	  and	  
alemtuzumab (Campath)

Samarasinghe et	  al

Related	  versus	  Unrelated	  
Donor	  TransplantationOutcomes were excellent in the cohort; there were two

events, consisting of one primary graft failure following a

HLA-A MMUD HSCT (with pre-existing anti donor HLA-A

antibodies) who has now successfully received a second

HSCT and one death following MUD HSCT, due to idio-

pathic pneumonia syndrome after engraftment. The other 27

patients are in complete remission at last follow-up. All five

patients who had received a MMUD HSCT are alive. The 2-

year OS for the whole cohort was 96 ! 4% and the 2-year

EFS was 92 ! 5%. The median whole blood donor chimer-

ism at last follow-up was 100% (range 88–100%; n = 29)

and the median donor T-cell chimerism was 96"5% (range

91–100%; n = 8).

Comparison of upfront-unrelated donor HSCT cohort
with matched controls

Comparison with MSD HSCT controls. Outcomes following

the upfront MUD/MMUD HSCT cohort were compared

with historical matched controls from the EBMT Database.

The 29 patients who received upfront-unrelated donor

HSCTs were matched with 87 historical controls who had

received front-line MSD HSCTs (1:3 ratio). Matching of the

two groups is reported in Table II (characteristics of the

MSD HSCT control group are described in Table SI). There

was no statistically significant difference in OS between the

upfront MUD/MMUD cohort (96 ! 4%) versus the MSD

controls (91 ! 3%; P = 0"30) (Fig 1A). Likewise, the 2-year

EFS was 92 ! 5% in the upfront cohort versus 87 ! 4% in

MSD controls (P = 0"37) (Fig 1B). The 2-year CI of rejection

was 4 ! 4% in the upfront MUD/MMUD cohort versus

1 ! 1% in the MSD controls (P = 0"48). The median inter-

val from diagnosis to neutrophil recovery was similar in the

upfront cohort (0"39 years; range 0"19–1"35) versus MSD

controls (0"31 years; range 0"1–0"45) (P = 0"93).

Comparison with IST controls. The 29 patients who received

upfront-unrelated donor HSCTs were also compared with 58

historical matched controls who received IST with horse

ATG (lymphoglobulin) and ciclosporin (1:2 ratio). Matching

of the two groups is detailed in Table III (characteristics of

Table II. Comparison of upfront MUD/
MMUD HSCT cohort and MSD HSCT con-
trols in childhood idiopathic severe aplastic
anaemia. Matching was done on the basis of
gender, age, stem cell source and time from
diagnosis to HSCT.

Upfront MUD/MMUD

HSCT

MSD HSCT

Controls

P-valuen n

Total 29 87

Gender

Male 12 36 1"0
Female 17 51

Source of stem cell

Bone marrow 21 63 1"0
Peripheral blood 8 24

Mean age at HSCT (years ! SE) 8"9 ! 0"9 8"9 ! 0"5 0"95
Mean interval from diagnosis to

HSCT (years ! SE)

0"41 ! 0"05 0"38 ! 0"04 0"69

HSCT, haematopoietic stem cell transplantation; MUD, matched unrelated donor; MMUD,

mismatched unrelated donor; MSD, matched sibling/family donor.

(A)

(B)

Fig 1. Outcomes following upfront-unrelated donor HSCT are
similar to MSD HSCT in childhood severe aplastic anaemia: Kaplan–
Meier curves of overall survival (A) and event-free survival (B) post-
upfront MUD/MMUD HSCT (n = 29) and MSD HSCT (n = 87).
OS, overall survival; EFS, event-free survival; HSCT, haematopoietic
stem cell transplantation; MUD, matched unrelated donor; MMUD,
mismatched unrelated donor; MSD, matched sibling/family donor.

Upfront-Unrelated HSCT in Aplastic Anaemia
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Outcomes were excellent in the cohort; there were two

events, consisting of one primary graft failure following a

HLA-A MMUD HSCT (with pre-existing anti donor HLA-A

antibodies) who has now successfully received a second

HSCT and one death following MUD HSCT, due to idio-

pathic pneumonia syndrome after engraftment. The other 27

patients are in complete remission at last follow-up. All five

patients who had received a MMUD HSCT are alive. The 2-

year OS for the whole cohort was 96 ! 4% and the 2-year

EFS was 92 ! 5%. The median whole blood donor chimer-

ism at last follow-up was 100% (range 88–100%; n = 29)

and the median donor T-cell chimerism was 96"5% (range

91–100%; n = 8).

Comparison of upfront-unrelated donor HSCT cohort
with matched controls

Comparison with MSD HSCT controls. Outcomes following

the upfront MUD/MMUD HSCT cohort were compared

with historical matched controls from the EBMT Database.

The 29 patients who received upfront-unrelated donor

HSCTs were matched with 87 historical controls who had

received front-line MSD HSCTs (1:3 ratio). Matching of the

two groups is reported in Table II (characteristics of the

MSD HSCT control group are described in Table SI). There

was no statistically significant difference in OS between the

upfront MUD/MMUD cohort (96 ! 4%) versus the MSD

controls (91 ! 3%; P = 0"30) (Fig 1A). Likewise, the 2-year

EFS was 92 ! 5% in the upfront cohort versus 87 ! 4% in

MSD controls (P = 0"37) (Fig 1B). The 2-year CI of rejection

was 4 ! 4% in the upfront MUD/MMUD cohort versus

1 ! 1% in the MSD controls (P = 0"48). The median inter-

val from diagnosis to neutrophil recovery was similar in the

upfront cohort (0"39 years; range 0"19–1"35) versus MSD

controls (0"31 years; range 0"1–0"45) (P = 0"93).

Comparison with IST controls. The 29 patients who received

upfront-unrelated donor HSCTs were also compared with 58

historical matched controls who received IST with horse

ATG (lymphoglobulin) and ciclosporin (1:2 ratio). Matching

of the two groups is detailed in Table III (characteristics of

Table II. Comparison of upfront MUD/
MMUD HSCT cohort and MSD HSCT con-
trols in childhood idiopathic severe aplastic
anaemia. Matching was done on the basis of
gender, age, stem cell source and time from
diagnosis to HSCT.

Upfront MUD/MMUD

HSCT

MSD HSCT

Controls

P-valuen n

Total 29 87

Gender

Male 12 36 1"0
Female 17 51

Source of stem cell

Bone marrow 21 63 1"0
Peripheral blood 8 24

Mean age at HSCT (years ! SE) 8"9 ! 0"9 8"9 ! 0"5 0"95
Mean interval from diagnosis to

HSCT (years ! SE)

0"41 ! 0"05 0"38 ! 0"04 0"69

HSCT, haematopoietic stem cell transplantation; MUD, matched unrelated donor; MMUD,

mismatched unrelated donor; MSD, matched sibling/family donor.

(A)

(B)

Fig 1. Outcomes following upfront-unrelated donor HSCT are
similar to MSD HSCT in childhood severe aplastic anaemia: Kaplan–
Meier curves of overall survival (A) and event-free survival (B) post-
upfront MUD/MMUD HSCT (n = 29) and MSD HSCT (n = 87).
OS, overall survival; EFS, event-free survival; HSCT, haematopoietic
stem cell transplantation; MUD, matched unrelated donor; MMUD,
mismatched unrelated donor; MSD, matched sibling/family donor.

Upfront-Unrelated HSCT in Aplastic Anaemia
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Unrelated	  Donor	  Transplantation	  
versus	  Immunosuppressive	  Therapy

the 58 IST controls are detailed in Table SII). The 2-year OS

was not significantly different in the upfront MUD/MMUD

HSCT cohort (96 ! 4%) versus the IST controls (94 ! 3%;

P = 0"68) (Fig 2A). On the contrary, the 2-year EFS was far

higher in the upfront cohort (92 ! 5%) over the IST con-

trols (40 ! 7%; P = 0"0001) (Fig 2B).

Comparison with MUD HSCT post-IST failure controls. We

finally compared outcomes following 24 patients who

Upfront MUD/MMUD

HSCT

IST

Controls

P-valuen n

Total 29 58

Gender

Male 12 24 1"0
Female 17 34

Mean age at first therapy (years ! SE) 8"9 ! 0"9 8"8 ! 0"6 0"97
Mean interval from diagnosis

to treatment (years ! SE)

0"4 ! 0"05 0"18 ! 0"05 0"003

HSCT, haematopoietic stem cell transplantation; MUD, matched unrelated donor; MMUD,

mismatched unrelated donor; IST, immunosuppressive therapy.

Table III. Comparison of the upfront MUD/
MMUD HSCT cohort and matched IST con-
trols in childhood idiopathic severe aplastic
anaemia. Matching was done on the basis of
gender and age. All IST controls received horse
antilymphocyte globulin (lymphoglobulin) and
ciclosporin.

(A)

(B)

Fig 2. Event-free survival following upfront-unrelated donor HSCT
is superior to IST with lymphoglobulin and ciclosporin in childhood
severe aplastic anaemia. Kaplan–Meier curves of overall survival (A)
and event-free survival (B) post-upfront MUD/MMUD HSCT
(n = 29) and IST with horse antilymphocyte globulin (lymphoglobu-
lin) and ciclosporin (n = 58). OS, overall survival; EFS, event-free
survival; HSCT, haematopoietic stem cell transplantation; MUD,
matched unrelated donor; MMUD, mismatched unrelated donor;
IST, immunosuppressive therapy.

(A)

(B)

Fig 3. Superior outcome following upfront-unrelated donor HSCT
compared to unrelated donor HSCT post-IST Failure in childhood
severe aplastic anaemia: Kaplan–Meier curves of overall survival (A)
and event-free survival (B) post-upfront MUD HSCT (n = 24) com-
pared to MUD HSCT post-IST failure (n = 24). OS, overall survival;
EFS, event-free survival; HSCT, haematopoietic stem cell transplanta-
tion; MUD, matched unrelated donor; MMUD, mismatched unre-
lated donor; IST, immunosuppressive therapy.

C. Dufour et al
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ciclosporin.
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lin) and ciclosporin (n = 58). OS, overall survival; EFS, event-free
survival; HSCT, haematopoietic stem cell transplantation; MUD,
matched unrelated donor; MMUD, mismatched unrelated donor;
IST, immunosuppressive therapy.
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Fig 3. Superior outcome following upfront-unrelated donor HSCT
compared to unrelated donor HSCT post-IST Failure in childhood
severe aplastic anaemia: Kaplan–Meier curves of overall survival (A)
and event-free survival (B) post-upfront MUD HSCT (n = 24) com-
pared to MUD HSCT post-IST failure (n = 24). OS, overall survival;
EFS, event-free survival; HSCT, haematopoietic stem cell transplanta-
tion; MUD, matched unrelated donor; MMUD, mismatched unre-
lated donor; IST, immunosuppressive therapy.
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Unrelated	  Donor	  Transplantation	  
with	  or	  without	  Prior	  Treatment

the 58 IST controls are detailed in Table SII). The 2-year OS

was not significantly different in the upfront MUD/MMUD

HSCT cohort (96 ! 4%) versus the IST controls (94 ! 3%;

P = 0"68) (Fig 2A). On the contrary, the 2-year EFS was far

higher in the upfront cohort (92 ! 5%) over the IST con-

trols (40 ! 7%; P = 0"0001) (Fig 2B).
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MMUD HSCT cohort and matched IST con-
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Additional	  Factors	  in	  
Unrelated	  Donor	  Transplantation

Eapenet	  al

Probability of Survival After Unrelated 
Donor Bone Marrow Transplantation for 
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North	  American	  Pediatric	  Aplastic	  Anemia	  Consortium
(NAPAAC)

+

(PBMTC)

TransIT Trial	  coming	  in	  2016!!!

Time	   to	  examine	  unrelated	  donor	  
transplantation	  up	  front?

Alternative	  Donor	  Transplantation

ØUmbilical	  Cord	  Blood

•Collected	  from	  the	  cord	  
attached	  to	  the	  placenta	  
shortly	  after	  delivery
•Naïve	  cells
ogreater	  mismatch	  allowed
oless	  GVHD

ØHaploidentical

•Related	  family	  member
• “Half-‐Match”
omore	  GVHD

Graft	  rejection	  a	  concern	  in	  both!

Umbilical	   Cord	  Blood	  Transplantation

Peffault de	  Latour et	  al Yoshimi	  et	  al
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BMT	  CTN	  1502	  –CHAMP
Umbilical	   Cord	  Blood	  Transplantation
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Wang	  et	  al Gao	  et	  al
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Transplantation	  Late	  Effects

ØVery	  minimal	  in	  today’s	  era	  of	  reduced	  intensity	  transplantation
• “Most	  patients,	  however,	  will	  go	  on	  to	   live	  healthy	  lives	  without	  impact	  on	  
educational	  attainment	  or	  fertility	  and	  only	  very	  minimal	  risk	  of	  late	  
complications.”

ØPrimarily	  driven	  by	  chronic	  by:
•Chronic	  graft-‐versus-‐host	  disease
•Moderate	  to	  high	  doses	  of	  TBI	  (>400	  cGy)

Dietz	  et	  al

Transplantation	  Late	  Effects$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

Buchbinder et al. Page 15

Table 3

Prevalence of late effects among 1,718 survivors >1 years post-HCT for acquired SAA between 1995 and
2006 reported to the CIBMTR according to donor

Related Donor Unrelated Donor

N (Percent) N (Percent)

1-year survivors

No late effects 898 (93) 285 (85)

One late effect 61 (6) 44 (13)

Multiple late effects 5 (1) 6 (2)

2-year survivors

No late effects 822 (90) 245 (80)

One late effect 81 (9) 54 (18)

Multiple late effects 11 (1) 9 (3)

5-year survivors

No late effects 586 (87) 116 (61)

One late effect 77 (11) 48 (25)

Multiple late effects 12 (2) 27 (14)

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2013 December 01.

1718
Survivors

Buchbinder et	  al

BMT	  from
1995-‐2006

Transplantation	  Late	  Effects

ØMost	  common:

• Endocrine	  Issues	  (<10%)

•Bone	  health	  (10-‐25%)

ØSecondary	  cancer:

•Original	  reports	  >10%

•More	  recently	  <2%

•15-‐20%	  after	  immunosuppression
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Growth	  in	  Children	  after	  Transplantation

Sanders	  et	  al

Pregnancies	  after	  Transplantation

No	  increased	  rate	  of	  congenital	  malformations!

Sanders	  et	  al

Quality	  of	  Life

Ø49	  adult	  survivors	  assessed	  with	  Short	  Form-‐36	  physical	  function
• Survivors	  vs.	  controls	  (n=197)	  – no	  difference!
• Educational,	  work	  or	  school	  status,	  financial	  situation,	  and	  marital	  status	  of	  
the	  of	  patients	  vs.	  controls	  – no	  difference!	  
• Insurance	  issues	  – different!
◦ 18%	  denied	  health	  insurance	  after	  transplant	  vs.	  2%	  of	  controls	  
◦ 20%	  denied	  life	   insurance	  after	  transplant	  vs.	  1%	  of	  controls

Sanders	  et	  al
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Self	   Assessment	   of	  Long-‐Term	  Health

Deeg et	  al

Interesting	  New	  Biology

Telomere	   Length	  and	  Evolution

Caladoet	  al
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Telomere	   Length	  and	  Evolution

Scheinberg et	  al

Telomere	  Length	  and	  Relapse

Scheinberg et	  al

Telomere	   Length	  and	  Survival

Scheinberg et	  al
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Mutations	  in	  Aplastic	  Anemia

ØNext	  Generation	  Sequencing	  (n=439)

ØClonal	  hematopoiesis	  detected	  in	  47%

ØMore	  mutations	  with	  age

Yoshizatoet	  al

n engl j med 373;1 nejm.org July 2, 201538

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e
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Mutations	  in	  Aplastic	  Anemia

Yoshizatoet	  al

n engl j med 373;1 nejm.org July 2, 201540

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Figure 2. Clinical Correlations with Somatic Mutations.

Gene-set enrichment analysis with the use of algorithms for a penalized likelihood approach to variable selection was used to identify 
sets of genes that were associated with a good or poor response to immunosuppressive therapy (Panel A), overall survival (Panel B), 
and progression-free survival (Panel C) in the NIH cohort. Panel A shows an inferior response to immunosuppressive therapy in a group 
of patients with “unfavorable” mutations (DNMT3A, ASXL1, TP53, RUNX1, JAK2, JAK3, or CSMD1) and a superior response in patients 
with “favorable” mutations (PIGA or BCOR and BCORL1) as compared with patients in an “unmutated” group (P = 0.03 by the chi-square 
test). The width of each column represents the number of patients in each group. CR denotes complete response, NR nonresponse, and 
PR partial response. In Panel B, Kaplan–Meier curves for overall survival are shown for three groups: patients with favorable mutations 
in PIGA or BCOR and BCORL1, patients in the unmutated group, and patients with unfavorable mutations in DNMT3A, ASXL1, TP53, 
RUNX1, or CSMD1. In Panel C, Kaplan–Meier curves for progression-free survival among patients with favorable mutations in PIGA, 
BCOR or BCORL1, patients in the unmutated group, and patients with unfavorable DNMT3A, ASXL1, RUNX1, JAK2, or JAK3 mutations 
are shown. In Panel D, Kaplan–Meier curves for overall survival among patients younger than 60 years of age are shown for three groups: 
patients with favorable mutations in PIGA or BCOR and BCORL1, patients in the unmutated group, and patients with unfavorable muta-
tions in DNMT3A, ASXL1, TP53, RUNX1, or CSMD1. Log-rank tests were used for statistical comparisons among the groups. The un-
mutated group included patients with other candidate-gene mutations that did not cluster in gene-set enrichment analysis with either 
favorable or unfavorable groups. Results were similar when patients in the unmutated group (no candidate-gene mutations detected) 
were used as the reference group. Thirteen patients with “mixed” mutations were excluded from the gene-set enrichment analysis.
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Bone	  Marrow	  Failure	  Genetics

ØMarrowSeq

Ø8	  of	  71	  patients	  
with	  bone	  marrow	  
failure	  or	  MDS	  had	  
clinically	  significant	  
mutations	  identified

Zhang	  et	  al
at Seattle Children’s Hospital, Seattle Cancer Care Alliance,
University of Washington Medical Center, and Boston Children’s
Hospital. Patients had been previously tested for mutations in var-
ious individual inherited marrow failure syndrome genes based on
clinical history and physical findings but remained unclassified
after genetic workup. Pediatric inclusion criteria were presentation
to a pediatric hematology clinic with idiopathic marrow failure
(hypoproductive cytopenias including any of the following:
absolute neutrophil count less than 1.5x109/L, hemoglobin low for
age, platelet count <150 x109/L,  hypocellular marrow for age) or
MDS defined by WHO criteria.4 Adult inclusion criteria were pres-
entation to an adult hematology clinic with marrow failure or
MDS (defined as above) and either young age (<40 years) at pres-
entation, or family history suggestive of inherited BMF/MDS
regardless of age. Genomic DNA was isolated from peripheral
blood, marrow mononuclear cells, and/or fibroblasts using the All-
prep DNA/RNA kit (Qiagen) or as previously described.5

Genomics 
Oligonucleotide probes were designed using the eArray website

(Agilent Technologies). Probes of 120 basepairs (bp) tiled each
region with 3x depth and covered coding regions, 20 bp of intronic
sequence flanking each exon, as well as the promoter of DKC16

and the 5’UTR of ANKRD26.7 Pathogenic variants in an intronic
region of GATA2 were described subsequently8 so all samples
were screened for these mutations by Sanger sequencing.
Mutations in RTEL1 and ERCC4 leading to dyskeratosis congenita9

and Fanconi anemia,10 respectively, were reported after comple-
tion of the initial screens and have been incorporated into subse-
quent gene capture pools. 

Targeted gene capture and sequencing were performed as previ-
ously described.11,12 Reads were aligned to the human reference
genome (hg19) using the Burrows-Wheeler aligner.13 Single
nucleotide and small insertion-deletion (indel) variants were called
by three independent bioinformatics pipelines, as previously
described12,14,15 and results jointly analyzed. Alignment to the
whole genome facilitated exclusion of variants that fell in pseudo-
genes. Copy number variants (CNVs) were identified as previous-
ly described.16

Variants were classified by predicted effect on protein function,
as previously described.11,12 Variants previously reported as either
germline or somatic pathogenic alleles for BMF/MDS were specif-
ically noted.  Loss-of-function or likely damaging mutations in
genes not previously reported in inherited BMF/MDS were con-
sidered variants of unknown clinical significance. Variants of
unknown clinical significance were evaluated as follows: 1) the
likely impact of haploinsufficiency for truncating mutations was
assessed based on published data regarding the function for the
host gene and on modes of inheritance of phenotypes associated
with the gene; and 2) in silico structural modeling for missense vari-
ants at highly conserved sites in critical domains.

Potentially damaging variants were validated by Sanger
sequencing. Variants were confirmed as germline by sequencing
fibroblast DNA.  This analysis focused on identification of consti-
tutional mutations in BMF/MDS genes.

Additional details on the design and methods of this study are
provided in the Online Supplementary Methods.

Results

Validation of gene capture assay
Genes known to contribute to inherited bone marrow

failure and myelodysplastic syndromes were selected for
capture and sequencing (Table 1). Since acquired muta-
tions that cause MDS may also be pathogenic when pres-
ent as an inherited mutation, and vice versa, a broad gene
panel was designed. Identified mutations were evaluated
based on variant allele read fraction and by analysis of
DNA sequences from a non-hematologic tissue to deter-
mine whether a mutation was constitutional. For all sam-
ples evaluated, median coverage across the 383kb targeted
region was 549X, with 97.8% of bases having over 50X
coverage and 98.2% of bases having over 10X coverage.
This depth of coverage enabled identification of all classes
of mutations, including point mutations, small indels,
copy number variants, and genomic rearrangements. The
assay was validated by blinded analysis of genomic DNA

Genomic analysis of bone marrow failure and MDS
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Table 1. Inherited bone marrow failure and myelodysplastic syndrome genes.
Dyskeratosis Fanconi Diamond-Blackfan Congenital Other Familial AML and MDS
congenita anemia neutropenia inherited MDS/leukemia

BMF/MDS

CTC1 FANCA GATA1 ELANE ABCB7 CBL ABL1 NPM1
DKC1 FANCB RPS7 G6PC3 AK2 CEBPA ASXL1 NRAS
NHP2 FANCC RPS10 GFI1 ANKRD26 GATA2 BCL2L11 PML
NOP10 BRCA2 (FANCD1) RPS17 HAX1 ATR PAX5 BCOR PRPF40B
RTEL1a FANCD2 RPS19 WAS LIG4 RUNX1 BCR RARA
TERC FANCE RPS24 MPL BRAF RPS14
TERT FANCF RPS26 NBN DNMT3A SF1
TINF2 FANCG RPL5 RMRP ETV6 SF3A1
WRAP53 FANCI RPL11 SBDS FLT3 SF3B1

BRIP1 (FANCJ) RPL35A SRP72 IDH1 SRSF2
FANCL IDH2 TET2
FANCM JAK2 TP53
PALB2 (FANCN) KIT U2AF1
RAD51C (FANCO) KRAS U2AF2
SLX4 (FANCP) MET WT1
ERCC4 (FANCQ) a MLL ZRSR2

BMF: bone marrow failure; MDS: myelodysplastic syndromes; AML: acute myeloid leukemia. aGenes added after initial screens. 
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Aplastic Anemia »

Aplastic anemia happens
when the bone marrow
stops making blood cells
for the body.

Myelodysplastic
Syndromes (MDS) »

MDS is a group of
disorders that happens
when bone marrow cells
don't mature.

Paroxysmal Nocturnal
Hemoglobinuria (PNH) »

PNH is a rare blood
disease that causes red
blood cells to break apart.
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ABOUT BONE MARROW FAILURE

SUPPORT AND COMMUNITY NEWS

Need

answers? (/community-news/need-answers)
Call our patient educator who can help with medical
information, advice, and referrals. Email or phone (301)
279-7202 x140.

Featured News
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Meet people who understand!
Learn from experts and meet other patients and families
at one of our remaining free conferences. Chicago on
October 24, and Tampa on November 14.
LEARN MORE.


