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Engraftment Syndrome: An Updated Review

Abstract

Engraftment syndrome is a constellation of clinical manifestations that occur at
the time of neutrophil recovery following hematopoietic stem cell transplantation.
There are several risk factors, but the reports on some of them are rather
conflicting. Additionally, not only the clinical manifestations but also the laboratory
findings are nonspecific and may overlap with several conditions such as acute
graft versus host disease, drug toxicity, radiation-induced damage and infectious
disorders. Treatment of symptomatic and severe forms is similar to that of graft
versus host disease. Hence, there is a need for: revision of the diagnostic criteria,
establishment of scoring system to determine prognosis and to direct therapy as
well as the addition new criteria to differentiate it from other similar conditions.
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Introduction

Engraftment syndrome (ES) is a clinical condition that is
characterized by fever, skin rash, pulmonary edema, weight gain,
liver and renal dysfunction in addition to encephalopathy and it
occurs at the time of neutrophil recovery after hematopoietic
stem cell transplantation (HSCT) [1-8]. ES typically develops
within 4 days of granulocyte recovery or 9-16 days following HSCT
with a median of 11 days post-HSCT. However, similar syndrome
has been reported >1 week before granulocyte recovery after
umbilical cord blood transplantation (UCBT) [3,9]. ES was first
described by Lee et al. in a retrospective analysis, published in
1995, of 248 patients with cancer undergoing autologous HSCT
[1,5]. ES has been described after allogeneic HSCT, but has been
more frequently reported following autologous transplantation
[1-5,8-11].

Epidemiology and Pathophysiology

The incidence of ES is very variable depending on the criteria
used to define ES. In studies using stringent criteria, the incidence
ranges between 7% and 10%, while in studies using wider criteria
incidences up to 72% have been reported [6,7,9,10-15]. ES has
been described as: auto-aggression syndrome, peri-engraftment
respiratory distress syndrome (PERDS), aseptic shock syndrome,
capillary leak syndrome and autologous graft versus host disease
(GVHD) in the setting of autologous HSCT [1,11,14,16].

Citation: Mutahar E, Al-Anazi KA (2017)
Engraftment Syndrome: An Updated Review.
J Stem Cell Biol Transplant Vol.1 No.3:16

The pathophysiology of ES is poorly understood [1,11]. Probably,
it involves: (1) release of pro-inflammatory cytokines such as
interleukin (IL)-2, IL-6, tumor necrosis factor (TNF)-a, interferon-y,
monocyte-colony stimulating factor (CSF) and erythropoietin, (2)
release of products of degranulation and oxidative metabolism,
and (3) systemic endothelial damage that may ultimately result
in multi-organ failure [1,3,10,11]. ES has been described after:
autologous HSCT; allogeneic HSCT with myeloablative and non-
myeloablative conditioning therapy, UCBT and haploidentical
HSCT; and syngeneic HSCT between identical twins [1,3,5,6,9-
11,16-24]. ES has been described in several medical conditions
including: (10) plasma cell disorders such as multiple myeloma,
amyloidosis, POEMS syndrome (polyneuropathy, organomegaly,
endocrinopathy, monoclonal protein and skin changes) and
plasma cell leukemia; (2) leukemias including: acute myeloid
leukemia, acute lymphoblastic leukemia, chronic myeloid
leukemia (CML) and chronic lymphocytic leukemia; (3)
lymphomas, mainly non-Hodgkin types; (4) solid tumors such as
breast cancer; and (5) autoimmune disorders such as multiple
sclerosis [1,3,10,11,16,22]. In addition to the forms of HSCT and
the types of medical illnesses described above, additional risk
factors for the development of ES include: (1) female gender, (2)
older age, (3) absence of previous chemotherapy or the use of
less aggressive chemotherapeutic agents prior to HSCT, (4) use
of busulfan, cyclophosphamide, fludarabine and etoposide, (5)
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use of corticosteroids, bortezomib and lenalidomide, (6) use of
amphotericin and granulocyte-CSF, (7) use of radiotherapy prior
to HSCT, (8) peripheral blood as the source of hematopoietic stem
cells, (9) infusion of higher numbers of CD34+ cells or mononuclear
cells in the graft, and (10) infusion-related febrile reactions after
haploidentical HSCT [1-3,6,7,10-12,14,16,21,22,25,26].

Clinical Manifestations and
Complications

The clinical manifestations of ES include: (1) common and
characteristic features that include: non-infectious fever; skin
rash; PERDS manifested as pulmonary edema, lung infiltrates
and hypoxemia; diarrhea; weight gain; renal dysfunction;
hepatic dysfunction with jaundice; transient encephalopathy;
and capillary leak syndrome manifesting as: weight gain, edema,
ascites as well as hypoalbuminemia; and (2) rarely described
manifestations which include: severe colitis, pericarditis, acute
brachial neuropathy in addition to bilateral marginal keratitis
[1-3,8-11,18,24,27-30]. The diagnostic criteria for ES are included
in Table 1 [1-3,10,11].

Diagnostic Investigations

The laboratory findings in ES include: (1) elevated C-reactive
protein (CRP) which is encountered in almost all cases, (2)
elevated serum creatinine, (3) elevated serum bilirubin and
hepatic transaminases, and (4) decreased serum albumin level
[1,11,17,24]. Specific features of ES on skin biopsies include:
dominance of CD4+ cells and decreased number of CD1a+ cells
in the epidermis [31]. Chest radiography may show: interstitial
pulmonary edema, pulmonary infiltrates that may be diffuse,
and pleural effusions [11,32]. Recently described findings that
may serve as biomarkers of ES include: (1) elevated serum
procalcitonin level, (2) expression of elafin, a protein secreted in
response to IL-1 or TNF-q, in the peripheral blood or elevated
blood level of elafin, (3) elevated proinflammatory cytokines such
as IL-1B, IL-6 and IL-12 followed by a surge in anti-inflammatory
cytokines including: IL-4 and IL-13, in addition to (4) elevated CRP
[1,11,33,34].

Table 1 Diagnostic Criteria for Engraftment Syndrome.
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Differential Diagnosis

The differential diagnosis of ES includes: (1) acute and hyperacute
GVHD in allogeneic HSCT and autologous GVHD in autologous
transplantation, (2) drug-induced toxicity, (3) radiation-induced
toxicity, (4) sepsis and infectious disorders, (5) pre-engraftment
syndrome (PES), and (6) hematopoietic graft rejection [1-3].

PES was first described by Kishi, et al. [35] in 2005, as immune
reaction that occurredin 78% of adults receiving reduced intensity
conditioning UCBT. The clinical manifestations were: fever, skin
rash, diarrhea, jaundice and weight gain of >10% from baseline
[20,35]. PES is not usually explained by infection or adverse drug
reactions. It also differs from ES and acute GVHD and it occurs
before neutrophil engraftment. However, it has remained poorly
characterized with unclear prognosis or appropriate therapy
[20,35]. Several recent studies on PES have come to the following
conclusions: (1) common occurrence after UCBT, (2) development
before neutrophil recovery, (3) associations with: cyclosporine
in GVHD prophylaxis and total body irradiation in conditioning
therapy, (4) enhancement of engraftment without significant
morbidity as well as early achievement of complete donor
chimerism, and (5) controversial association with development
of acute GVHD [20,36-38].

Treatment and Prevention of ES

Treatment of ES depends on the severity of the illness as it may
be self-limited and up to one third of cases require no treatment
at all [3]. Indications for treatment of ES include: (1) temperature
>39°C, and (2) clinically significant manifestations of vascular
leak, especially pulmonary edema [3]. The main therapeutic
modalities of ES are: (1) steroids in the one of the following
formulations: (a) intravenous (IV) methylprednisolone: 1-2 mg/
kilogram (kg) body weight per day, (b) oral prednisolone: 0.5-10
mg/kg/day, or (c) dexamethasone palmitate: 2.5 mg/m?/day for 3
days then to taper quickly over 7-8 days, (2) supportive measures
such as: antipyretics, oxygen, diuretics and topical therapy for
skin eruptions, and (3) additional measures such as: intubation
and mechanical ventilation, renal doses of dopamine to improve
renal function, and C1 esterase inhibitor concentrates [2,3,9-

SPITZER MAIOLINO

3 major or 2 major + 1 minor

Requirements within 4 days of engraftment

major + 1 minor
within 1 day of presence of neutrophils

- Non-infectious fever, temperature > 38.3° C

- Skin rash involving > 25% of body surface

. A not attributable to medications

Major Criteria
by diffuse pulmonary infiltrates

- Hypoxemia

- Non-cardiogenic pulmonary edema manifested

- Non-infectious fever

- Weight gain = 2.5% of baseline body weight
- Hepatic dysfunction with either bilirubin > 2

Minor Criteria
times baseline

- Transient encephalopathy unexplained by
other causes.

mg/dL or transaminase level > 2 times normal
- Renal insufficiency with serum creatinine > 2

- Skin rash

- Pulmonary infiltrates

- Diarrhea commencing 24 hours before or at any time after
the first appearance of neutrophils
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11,40]. Recombinant human soluble thrombomodulin has been
shown to counteract capillary leak associated with ES [41]. Other
immunosuppressive agents such as tacrolimus, mycophenolic
acid and etanercept have no defined role in the management of
ES [2,3]. Steroid therapy may need to be prolonged in case of
persistence of clinical manifestations such as fever or skin rash
and may be given in higher doses in the presence of complications
such as severe respiratory compromise [2,3,9-11]. Several
studies have shown that the following prophylactic measures
may prevent the evolution of ES under certain circumstances:
(1) GVHD prophylaxis using methotrexate in UCBT, (2) use of
cyclophosphamide and prednisolone in induction followed
by cyclophosphamide mobilization in patients with POEM
syndrome, (3) use of donor lymphocyte infusions in relapsed CML
after allogeneic HSCT, and (4) steroid prophylaxis significantly
decreases the risk of ES following autologous HSCT and is
associated with shortened hospitalization without increasing the
risk of infection [42-45].

Course and Prognosis

Most cases of ES are mild and resolve spontaneously or with
steroid therapy [1,3]. However, ES can occasionally be fatal
and deaths are usually related to respiratory dysfunction and
multi-organ failure. Therefore, ES is still an important cause
of morbidity and mortality in recipients of various forms of
HSCT [1,2,6,13,46]. Early detection of ES is essential to reduce
the associated morbidity and mortality [17,31,47,48]. Studies
have shown a favorable outcome with: (1) early diagnosis and
detection, (2) prompt initiation of corticosteroid therapy, (3)
reduction in the unnecessary use of antimicrobial agents, and

References

1 Cornell RF, Hari P, Drobyski WR (2015) Engraftment syndrome
after autologous stem cell transplantation: an update unifying the
definition and management approach. Biol Blood Marrow Transplant
21:2061-2068.

2 Spitzer TR (2001) Engraftment syndrome following hematopoietic
stem cell transplantation. Bone Marrow Transplant 27: 893-898.

3 Spitzer TR (2015) Engraftment syndrome: double-edged sword of
hematopoietic cell transplants. Bone Marrow Transplant 50: 469-475.

4 Chang L, Frame D, Braun T, Gatza E, Hanauer DA, et al. (2014)
Engraftment syndrome after allogeneic hematopoietic cell
transplantation predicts poor outcomes. Biol Blood Marrow
Transplant 20: 1407-1417.

5 Lee CK, Gingrich RD, Hohl RJ, Ajram KA (1995) Engraftment syndrome
in autologous bone marrow and peripheral stem cell transplantation.
Bone Marrow Transplant 16: 175-182.

6 Gorak E, Geller N, Srinivasan R, Espinoza-Delgado |, Donohue T, et
al. (2005) Engraftment syndrome after nonmyeloablative allogeneic
hematopoietic stem cell transplantation: incidence and effects on
survival. Biol Blood Marrow Transplant 11: 542-550.

7 Schmid 1, Stachel D, Pagel P, Albert MH (2008) Incidence,
predisposing factors, and outcome of engraftment syndrome in
pediatric allogeneic stem cell transplant recipients. Biol Blood
Marrow Transplant 14: 438-444.

© Under License of Creative Commons Attribution 3.0 License

2017

ISSN 2575-7725 Vol.1 No.3:16

(4) reduction in the duration of hospitalization of recipients
of HSCT [10,15,17,48]. However, few studies have shown the
following long-term complications of ES: (1) poor outcome of ES
despite early recognition and early institution of corticosteroid
therapy, (2) evolution of acute GVHD in recipients of allogeneic
HSCT having ES, and (3) ES may play a role in the development
of therapy-related myelodysplastic syndrome in patients
with Hodgkin disease and non-Hodgkin lymphoma receiving
autologous HSCT [4,23,49,50].

Conclusions and Future Directions

In order to improve the outcome of ES, the following are needed:
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the current diagnostic criteria to increase the sensitivity of its
detection.
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