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What do we know about the subject matter of this study? What does this study contribute to what is already known?

Bone marrow failure syndromes have a low prevalence and acquired Response rates to immunosuppressive therapy are lower than those
etiology predominates. In acquired bone marrow failure syndrome, reported in developed countries. In acquired bone marrow failu-
the first-line treatment is allogeneic stem cell transplantation from re syndrome, allogeneic transplantation including haploidentical
an identical relative and, if not available, immunosuppressive the- transplant is a good option as salvage therapy.

rapy is.

Abstract Keywords:

Bone Marrow Failure
Bone marrow failure (BMF) syndromes are rare disorders with an annual incidence of 2-4 cases per Syndromes;
million. Treatment options include immunosuppressive therapy (IST) and hematopoietic stem cell ~ Fanconi Anemia;
transplantation (HSCT). Objective: To analyze the outcomes of pediatric patients diagnosed with ~ Pancytopenia;
BMEF treated in a tertiary care center. Patients and Method: Retrospective study of pediatric patients ~ Stem Cell
diagnosed with BMF who consulted at Fundacién Valle de Lili, Cali. Descriptive statistical analysis was ~ Transplantation;
performed according to Acquired BMF (ABMF) and Inherited BMF (IBMF). The outcomes include Immunosuppression;
treatment, complications, overall survival (OS) in transplant patients, calculated using the Kaplan- ~ Thymoglobulin;
Meier method. Results: We included 24 patients with BMF, average age 6.5 * 4 years, and 50% were ~ Biopsy;
women. 58% presented IBMF, 9 with Fanconi anemia (FA), 2 dyskeratosis congenita, 2 congenital ~ Transfusion
amegakaryocytic thrombocytopenia, and 1 presented Diamond-Blackfan anemia. 12 patients treated
with HSCT had a 5-year OS of 83%. ABMF represented 42%. 6 patients received IST-HSCT, 3 recei-
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ved IST, and 1 received HSCT. The OS of the IST-HSCT group was 86%. Six patients died, four of
them related to infection. Conclusions: In this series, there was a higher number of cases with IBMF.
The OS of patients treated with HSCT is similar to that reported in recent studies. The most frequent
cause of death was of infectious origin which has also been previously reported. The treatment esta-
blished in the patients showed favorable results in a Latin American tertiary care center.
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Introduction

Bone marrow failure (BMF) syndrome is a rare di-
sorder which has an estimated annual incidence of 2-4
cases per million, its most frequent age range is from
10 to 25 years and after 60 years, affecting both sexes
equally'. It is characterized by the decrease or absence
of hematopoietic stem cells in the bone marrow, alte-
ring its hematopoietic function?. It typically presents
with persistent cytopenias in at least one stem cell li-
neage, which may lead to pancytopenia®.

Regarding its etiology, it can be classified as Con-
genital BMF (CBMF) and Acquired BMF (ABMF)
Syndrome*¢. ABMF represents 85-90% of cases, and
its primary treatment is Immunosuppressive Thera-
py (IST) or Hematopoietic Stem Cell Transplantation
(HSCT), which depends on the availability of the best
donor®’. In relation to CBMF, it accounts for 15%-
20% of cases and its treatment is usually identical and,
in some cases, haploidentical HSCT®. Among the main
etiologies of CBMF in children are Fanconi Anemia
(FA), Dyskeratosis Congenita (DC), Shwachman-Dia-
mond Syndrome (SDS), and Congenital Amegakaryo-
cytic Thrombocytopenia (CAMT). These syndromes
can occur with or without physical abnormalities and
do not necessarily present complete pancytopenia,
especially during the early stages of the disease’. The
objective of this study is to describe the outcome of
pediatric patients treated for bone marrow failure syn-
drome between 2011 and 2017 in a high complexity
institution.

Patients and Method

Population studied

Observational, case series-type study of pediatric
patients diagnosed with BMF, who between 2011 and
2017 consulted at the Fundacién Valle del Lili, a high
complexity institution and reference center in Cali,
Colombia, for patients requiring HSCT. Within the
sampling strategy, we used the ICD-10 codes related to
BME registered in the clinical record, identifying 2,491
patients aged between 0 and 17 years who consulted
during the study period. The following selection cri-
teria were applied: patients treated at the Institution,
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with a diagnosis of BMF according to clinical symp-
toms, paraclinical studies, and verified through bone
marrow biopsy.

The diagnosis of FA was made using the Chromo-
somal Breakage Test. The diagnosis of DC was made
with next-generation sequencing (NGS) panel of bone
marrow failure, CAMT with bone marrow biopsy, and
Diamond-Blackfan Anemia (DBA) according to classic
diagnostic criteria’. A patient was excluded due to the
etiology of BMF could not be determined. This study
was approved by the Institutional Ethics Committee.

BMEF treatment

The therapeutic options used were based on the
care guidelines for patients with ABMF, with a multi-
disciplinary approach, managing with HSCT as a first
option if there was an identical donor or IST in pa-
tients without an indication for HSCT or who did not
have an identical related donor®. In CBMF, treatment
is based on transfusion support, androgens, and HSCT
in severe cases or with poor response'.

Transplantation

The conditioning regimen for each patient was
made according to the type of donor, based on Fluda-
rabine'™'?. In the case of transplantations with haploi-
dentical donors, we used a reduced intensity protocol
based on the Baltimore regimen'*'.

Graft-versus-host disease (GVHD) prophylaxis

The prophylaxis schemes for GVHD used varied
according to the type of transplant performed. Regi-
mens based on combined cyclosporine and metho-
trexate therapy were used for identical family donor
transplants'>'®. In haploidentical transplantations, the
post-transplant cyclophosphamide-based regimen was
used'”".

BMF severity

The BMF severity was classified according to
Camitta’s criteria, as severe BMF if it meets at least
two of three characteristics (absolute neutrophil cou-
nt (ANC) < 0.5x10%/L, platelet count < 20x10°/L, or
reticulocyte count < 20x10°/L), very severe BMF when
presenting the same characteristics of severe BMF but
with ANC < 0.2x109/L, and non-severe BMF when it
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does not meet any of the characteristics of severe or
very severe BMF?.

Response to Immunosuppressive Therapy (IST)
Criteria

It was considered complete response when achie-
ving transfusion independence and Hemoglobin cou-
nts > 11 g/dL + Platelets > 100x10°/L + Neutrophils
> 1.5x10°/L; partial response having transfusion inde-
pendence, but without achieving the complete respon-
se values in the blood count, confirmed in two follow-
up visits 4 weeks apart; and non-response when not
achieving transfusion independence®.

Statistical analysis

A descriptive statistical analysis was made for all va-
riables considered, dividing patients into two groups:
ABMF and CBMF. The categorical variables are sum-
marized in proportions and the continuous ones are
expressed as means + standard deviation (SD) or me-
dian with their interquartile range (IQR), depending
on the distribution of the variable. The primary outco-
mes of the study were treatment, complications, ove-
rall survival (OS) in months, calculated from the date
of diagnosis or date of transplantation to the date of
death or last follow-up at the institution. These results
were analyzed with the Kaplan-Meier method using
the statistical software STATA® 12.1.

Results

Population studied

Between 2011 and 2017, 24 pediatric patients with
BMF were treated in the pediatric hematology-onco-
logy service. Figure 1 shows the flow of patients in the
study.

Table 1 and Table 2 show the demographic and cli-
nical characteristics. The average age was 6.5 * 4 years,
50% were female, and the most frequent symptom was
anemic syndrome (87%). The most frequent diagnosis
was ABMF (42%), followed by FA (37%). There were
19 (79%) patients who underwent HSCT and had a
median follow-up of 22 months (IQR: 13-65) and OS
of 84% at 5 years.

Acquired Bone Marrow Failure Syndrome (ABMF)
Ten patients (42%) were included in this group.
Of these, 9 were treated with IST (one case treated at
another institution) and 6 of them were transplanted
due to non-response to treatment. There was one pa-
tient who directly underwent HSCT with an identical
donor. In this group, the OS at five years was 70%, the
transplanted patients presented an OS at five years of
86% vs. 33% in the non-transplanted ones (Figure 2).
Three patients died, one due to multiple organ failure
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after undergoing HSCT and two due to infection after
treatment with antithymocyte globulin (ATG) without
HSCT.

Congenital Bone marrow Failure Syndrome (CBMF)

There were 14 (58%) patients in this group, most
of them with FA (9/14). 12 patients underwent HSCT
(2 at another institution with subsequent follow-up at
our institution) and two patients received only trans-
fusion support. The OS at 5 years was 83% in the trans-
planted patients (Figure 2). Three patients died after
HSCT, two due to causes associated with HSCT (infec-
tion by adenovirus and cytomegalovirus) and one due
to liver and lung involvement secondary to DC.

Discussion

We present a series of pediatric patients with BMF
treated in a high complexity institution between 2011
and 2017. Our experience showed that CBMF was the
predominant etiology, which differs from the reports
in the literature? and could be explained by the natio-
nal patient referral system that includes this institution
as a reference center for HSCT.

The most frequent congenital diagnosis was FA,
as reported in other series®!. In this series, most of the
patients in the CBMF group were treated with HSCT,
with a survival rate of 83% at five years. In the ABMF
group, a large proportion received IST with ATG as
first-line treatment. Despite this, most of them requi-
red HSCT as a second line of treatment, showing a
different behavior to the therapeutic outcomes of de-
veloped countries which present a success rate of first-
line treatment around 60%? and similar to developing
countries with 34%2>.,

In Colombia, a retrospective study of patients aged
between 4 and 60 years with BMF, who received alloge-
neic stem cell transplantation from an identical relative
between 1993 and 2011, found that most cases (74.3%)
had ABMF, 22.9% FA, and 2.9% DBA, but did not spe-
cify the proportion of children under 18 years of age®.

Current international guidelines suggest the use
of IST, ATG, and cyclosporine as first-line therapy for
patients with severe aplastic anemia who have not an
HLA-identical related donor®”?. In our series, 9 out
of 10 patients were managed with ATG as a first-line
treatment, of which 6 patients required second-line
treatment with HSCT, which could be interpreted as
non-response to first-line treatment. This could be
explained in some way by the use of rabbit-derived
ATG which has been used in most cases in our center.
Some authors have reported that rabbit-derived ATG
has a lower response rate compared with horse-derived
ATG, which may be associated with better outcomes in
patients with BMF?.
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Table 1. Demographic and clinical characteristics of pediatric patients with BMF in a tertiary care center

Characteristic Total n=24 ABMF n=10 CBMF n=14

Age at diagnosis, years
Mean + SD 6.5+4.4 7.8+43 55+43
Range 0.03 - 15 1-15 0.03-12

Female gender, n (%) 12 (50) 4 (40) 8 (57)
Symptoms, n (%)

Hemorrhagic syndrome 17 (68) 7 (70) 9 (64)
Anemic syndrome 21(87) 10 (100) 11(78)
Severe and/or recurring infections 9 (37) 5 (50) 4(29)
BMF Etiology, n (%)

Acquired Bone Marrow Failure 10 (42) 10 (100) 0 (0)

Fanconi Anemia (FA) 9 (37) 0 (0) 9 (64.3)
Dyskeratosis congenita (DC) 2 (8) 0(0) 2(14.3)
Congenital Amegakaryocytic Thrombocytopenia (CAMT) 2 (8) 0(0) 2(14.3)
Diamond Blackfan Anemia 1(4) 0 (0) 1(7.1)
Frequency of severe and very severe BMF, n (%) 14 (70) 10 (100) 7 (50)
ATG 9(37) 9 (90) -
Transplant, n (%) 19 (79) 7 (70) 12 (86)
Identical 8/19 3/7 5/12
Haploidentical 8/19 4/7 4/12
Unrelated donor 3/19 0/0 3/12
Post transplant follow-up, months 1

Median (IQR) 22 (13-65) 28 (20-95) 6 (11-55)

Range 1.7-105.7 1.7-105.7 2.4-88
Months between BMF diagnosis and HSCT,

Median (IQR) 15 (5-21) 5(1-8) 18 (7-25)

Range 1-46 1-34 4 46
Acute GVHD, n (%) 7 (29) 3/10 4/7
Chronic GVHD, n (%) 7 (29) 2/6 5/11

BMF: Bone marrow failure, ABMF: Acquired bone marrow failure, CBMF: Congenital bone marrow failure, SD: Standard deviation,
GVHD: Graft-versus-host disease, HSCT: Hematopoietic stem cell transplantation, IQR: Interquartile range.
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Table 2. Pediatric patient with BMF in a tertiary care center

ORIGINAL ARTICLE

ID HSCT  Age/Gender BMF Etiology Severe and/or recurring  ATG  Chronic Outcome (alive/dead)
infections at diagnosis GVHD
1 No M/15 Acquired No Si NA Dead-Infection
2 No F/9 Acquired Yes Si NA Dead-Infection
B No F/7 Acquired No Si NA Alive
4 Yes F/12 Acquired Yes Si Yes Alive
5 Yes M/6 Acquired No Si Yes Alive
6 Yes F/9 Acquired Yes Si No Dead-Adenovirus
7 Yes M/11 Acquired Yes Si No Alive
8 Yes M/2 Acquired Yes Si No Alive
9 Yes M/1 Acquired No Si No Alive
10 Yes M/6 Acquired No No No Alive
11 Yes F/6 Fanconi anemia No No No Alive
12 Yes F/12 Fanconi anemia No No No Alive
13 Yes M/7 Fanconi anemia Yes No No Alive
14 Yes M/9 Fanconi anemia No No No Alive
15 Yes M/5 Fanconi anemia No No Yes Alive
16 Yes F/9 Fanconi anemia Yes No Yes Alive
17 Yes F/12 Fanconi anemia No No No Dead-Adenovirus
18 Yes F/1 Dyskeratosis congenita No No Yes Alive
19 Yes F/1 Dyskeratosis congenita No No Yes Dead-Pulmonary progression
20 Yes F/3 Congenital Amegakaryocytic Yes No No Alive
Thrombocytopenia
21 Yes M/1 Congenital Amegakaryocytic Yes No No Dead-CMV
Thrombocytopenia
22 Yes M/2 Diamond Blackfan anemia No No Yes Alive
23 No M/5 Fanconi anemia No No NA Alive-transfusion support
24 No F/9 Fanconi anemia No No NA Alive-transfusion support
HSCT: Hematopoietic stem cell transplantation, BMF: Bone marrow failure, ATG: Antithymocyte globulin, GVHD: Graft-versus-host disease.
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Hematological response rates vary, at least in part
due to the lack of consensus on the parameters used in
their definition (transfusion independence and abso-
lute or relative improvement in blood counts). About
60% of patients respond within 3-6 months after star-
ting ATG treatment®®®. In our series, the period bet-
ween ABMF diagnosis and transplantation was shorter
than 8 months in most cases, suggesting short non-
response times to first-line treatment.

HSCT is the treatment of choice for patients diag-
nosed with moderate or severe BMF', ideally from an
HLA-identical donor***!, preferring bone marrow as
the source which is associated with lower GVHD ra-
tes, however, peripheral blood or cord blood can also
be used*’. Recent studies show good results using ha-
ploidentical transplants as first-line or salvage therapy,
including comparable results with an identical related
donor, making them a safe alternative®*. In this se-
ries, equal numbers of HSCT are reported with iden-
tical and haploidentical donors, with an OS of 84%,
which coincides with recent reports where OS rates are
similar with different donor types'*?6*34¢,

In this series, 29% of the patients presented acute
and chronic GVHD, similar to what was reported in
the literature with different types of donors, between
21.1 and 47.79%2634%7,

The study conducted by Sallfors-Holmqyvist et al.
(BMTSS-2), between 1974 and 2010, in which pa-
tients under 21 years of age were treated with HSCT
due to BMF, obtained an OS of 86.4% at 15 years af-
ter HSCT?. In our case, we achieved an OS of 84%
at 5 years, and 86% specifically in the ABMF group.
However, this procedure implies a high risk of related
mortality and may be associated with significant early
or late morbidity®. In our series, we had three cases of
transplant-related mortality, representing 15% of total
transplant recipients, which is lower than the six deaths
in a series of 27 patients (22%) with BMF reported by
Mufioz-Villa et al.*.

Among the good prognostic factors identified in pa-
tients who will undergo HSCT are younger age, shorter
interval between diagnosis and transplantation, fewer
pre-transplant transfusions, use of irradiated blood
components, fewer pre-transplant infections, higher
degree of donor-recipient histocompatibility, condi-
tioning without total body irradiation (TBI), and suffi-
cient infused hematopoietic stem cells®.

In these patients, the main cause of transplant-
related mortality was infectious complications, where
adenovirus and cytomegalovirus were the most fre-
quent. Similar results have been found in the literatu-
re of related and unrelated donors, where infections
and graft failures are mentioned as the main causes of
death37,39741.

Some limitations of this work include the retros-
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pective collection of information that limited access
to information available in the medical records. We
consider that this study could have a referral bias of
patients for treatment since the institution is a center
of high complexity and national reference for referral
of patients from different places in Colombia who re-
quire HSCT. Another limitation was the lack of genetic
information of the cases to identify in a more precise
and complete way the described cases.

In conclusion, the outcomes observed in this series
of pediatric patients with BMF show similarities with
other series regarding the OS results of transplant re-
cipients. The distribution of the pathologies within the
CBMF was similar to that reported in the literature.

In this series, the number of cases with CBMF
was higher. In patients with ABMF, the number of
patients who were treated with HSCT may suggest
a failure in the use of ATG and with a favorable
post-transplant survival that allowed good results
in that group. In general, the most frequent cause
of death was due to infections, which have also been
previously reported in the literature. The treatment
administered in the patients of this study showed fa-
vorable results in a high complexity center in a Latin
American country.
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