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Abstract

Objectives: Many studies have shown that ferritin values that are used as an indicator of iron overload are associated
with adverse outcomes after bone marrov transplantation. The aim of this study was to evaluate the effect of ferritin on
development of complications after transplantation.

Methods: The data of the patients who underwent HSCT (Hematopoietic Stem Cell Transplantation) in Hacettepe
University Faculty of Medicine, June 2001 - March 2012 were retrospectively reviewed. The study cohort was divided
into 2 groups as low ferritin group (ferritin <500 ng/ml) and high ferritin group (ferritin =500 ng/ml).

Results: The median age was 43 (17-69) in whole group, 51 (19-69) in the autologous SCT group, and 33 (17-58) in the
allogeneic SCT group. There was a statistically significant relationship between the levels of ferritin concentrations and
mucositis, fungal infection, BCl (blood circulation infections) development in some groups. There was no statistically
significant relationship between high ferritin values and transplant related mortality and overall survival in both autol-
ogous and allogeneic SCT patients (p=1 and p=0.17).

Conclusion: It was observed that high ferritin concentrations before SCT were associated with post-transplantation
toxic and infectious complications such as mucositis, fungal infection, BCI.
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Hematopoietic stem cell transplantation (HSCT) is the
introduction of hematopoietic precursor cells from
any source (such as bone marrow, peripheral blood, um-
bilical cord blood) and donor (allogeneic, autologous) to
regenerate bone marrow. In recent years, many studies
have reported that iron overload increases the posttrans-
plantation morbidity and mortality in HSCT recipients.
Many studies have shown that ferritin values that are used
as an indicator of iron overload are associated with adverse
outcomes after bone marrov transplantation (BMT),?" par-
ticularly associated with an increased risk of infection-%
819 and non-relapse mortality, and even in some studies it

has been shown to be associated with acute Graft Versus
Host disease (GVHD)® % and liver veno-occlusive disease
(VOD).®12"IThe aim of this study was to evaluate the effect
of ferritin elevation before transplantation on development
of mucositis after transplantation, development of fungal
infection, risk of blood circulation infections (BCl), develop-
ment of pneumonia, acute and chronic GVHD, veno-occlu-
sive disease (VOD)/Sinusoidal Obstruction Syndrome (SOS)
development, transplant related mortality (TRM) develop-
ment and overall survival (OS) in patients who underwent
stem cell transplantation (SCT).
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Methods

The data of the patients who underwent HSCT (autolo-
gous and allogeneic) in Hacettepe University Faculty of
Medicine, Department of Internal Medicine, Hematology
unit between June 2001-March 2012 were retrospectively
reviewed. Patients' demographic characteristics, ferritin
averages before transplantation, and posttransplant mu-
cositis, BCl (blood and catheter), fungal infection and pneu-
monia development, GVHD, SOS/VOD conditions, TRM, OS
were recorded by examining the patient files. Data were
recorded in the SPSS version 18 database (SPSS version
18: SPSS inc.Chiago, Illinois). The study cohort was divided
into 2 groups as low ferritin group (ferritin <500 ng/ml) and
high ferritin group (ferritin =500 ng/ml) by accepting mean
500 ng/ml value as cut-off value for pre-SCT ferritin.

Statistical analyzes were performed in 3 categories as
whole group (allogeneic+autologous), allogeneic group
and autologous HSCT group. Mucosit status was examined
according to NCI/CTC criteria. Fungal infections were de-
fined according to EORTC/MSG"! criteria. Blood circulation
infections were considered to be significant if there were
2 blood and/or catheter culture samples with the same
microorganism. Seattle criteria’® were used to identify
SOS/VOD. GVHD was evaluated separately as acute and
chronic aGVHD was classi-fied according to degree of in-
volvement (grade 0-4) and kGVHD was classified according
to status of involvement (limited, widespread).

Categorical variables in 2 groups were compared using x> test
and Fisher's test when necessary. Data are shown as mean-
SD (standard deviation), median-range and % (percentage).
OS and TRM were assessed by Kaplan-Meier method. Log-
Rank test was used for comparison. p<0.05 was accepted
as statistically significant. This study was approved by the
Hacettepe University Non-invasive Clinical Research Ethics
Committee. During the study, the principles of the Helsinki
Declaration have been adhered to and attention has been
given to the confidentiality of patient information.

Results

The median age of 142 patients was 43 (17-69), of which
81 (57%) were male and 61 (43%) were female. The me-
dian age was 51 (19-69) in the autologous SCT group, and
33 (17-58) in the allogeneic SCT group. Median follow-up
period was 732 (14-3782) days. Mean (SD) ferritin concen-
trations of the patients before HSCT were 1306.6 ng/ml
(1763.1) in the whole group, 624.3 ng/ml (787.7) in the au-
tologous SCT group, and 1750.9 (2061.2) ng/ml in the al-
logeneic SCT group. 21 patients (37.5%) in the autologous
group and 63 patients (73.3%) in the allogeneic group had
high ferritin values (ferritin 2500 ng/ml). The characteristics

of the patients and the findings related to transplantation
are given in Table 1.

Transplantation Results

Mucositis: Mucositis (grade 1-4) was detected in 49 (87.5%)
of 56 patients who underwent autologous SCT and in 77
(89.5%) of 86 patients who underwent allogeneic SCT. There
was a statistically significant relationship between the levels
of mucositis and high ferritin concentrations in both groups
(In the autologous SCT group, p=0.038 and in the allogeneic
group p<0.001). Grade 3 and 4 mucositis were found in 17
(17.8%) patients in the autologous group and 15 (26.8%) in
the allogeneic group. There was no statistically significant
relations-hip between high ferritin values and grade 3 and 4
mucositis in both groups (p=0.39 ve p=1; respectively).
Fungal Infections: Fungal infections were detected in 12
of 56 patients (21.4%) who underwent autologous SCT
and in 35 (40.7%) of 86 patients who underwent allogeneic
SCT. There was a significant association between fungal
infection and high ferritin values (ferritin =500 ng/ml) in
the whole group (p=0.009). However, there was no statis-
tically significant association between high ferritin values
and fungal infection in the autologous SCT group and al-
logeneic SCT group (p=0.33 in the autologous SCT group,
p=0.1 in the allogeneic SCT group)

Blood Circulation Infections (BCI): BCl was detected in 66
patients (46.5%) in the whole group and there was a statisti-

Table 1. Demographic and clinical characteristics of patients

Variable Autologous Allogeneic Total
SCT (n=56) SCT (n=86) (n=142)
Age, Median 51 (19-69) 33(17-58) 43 (17-69)
Sex, n (%)
Male 33 (58.9) 48 (55.8) 81(57)
Female 23 (41.1) 38 (44.2) 61 (43)
Diagnosis, n (%)
AA N/A 14 (16.3) 14(9.9)
ALL N/A 25(29.1) 25(17.6)
AML N/A 30(34.9) 30(21.1)
HD 1(1.8) 4(4.7) 5(3.5)
NHL 5(8.9) 4(4.7) 9(6.3)
CML N/A 7(8.1) 7 (4.9)
MDS N/A 1(1.2) 1(0.7)
MM 50(89.3) N/A 50(35.2)
PNH N/A 1(1.2) 1(0.7)

AA: Aplastic Anemia; ALL: Acute Lymphoblastic Leukemia; AML: Acute
Myeloblastic Leukemia; HD: Hodgkin Disease; NHL: Non-Hodgkin
Lymphoma; CML: Chronic Myeloid Leukemia; MDS: Myelodysplastic
Syndrome; MM: Multiple Myeloma; PNH: Paroxysmal Nocturnal
Hemoglobinuria.



cally significant relationship between high ferritin values and
BCI (blood and catheter infection) development (p<0.001).
A statistically significant correla-tion was found between
high ferritin values and BCl development in autologous SCT
(p<0.001). In contrast to autologous SCT; no statistically sig-
nificant correlation was found between high ferritin values
and BCl development in allogeneic SCT (p=0.61).

Pneumonia: Pneumonia was detected in 51 patients (36%)
in the whole group and there was no statistically significant
relationship between high ferritin values and pneumonia
development (p=0.09). There was no statistically signifi-
cant correlation between high ferritin values and pneumo-
nia development in both autologous and allogeneic SCT
(p=0.07 and p=0.86).

GVHD: Acute GVHD (aGVHD) was seen in 7% of all SCT recip-
ients and 12% of allogeneic stem cell transplant recipients
(10 patients). No aGVHD was detected in autologous SCT
recipients. There was no statistically significant relationship
between high ferritin values and aGVHD in allogeneic SCT
patients (p=1). Chronic GVHD was seen in 28% of allogeneic
SCT patients, there was no significant relationship between
high ferritin values and chronic GVHD (p=0.44).

Sinusoidal Obstruction Syndrome/Veno-occlusive
Disease: SOS/VOD was detected in 10 patients (7%) (2 pa-
tients in autologous and 8 patients in allogeneic group).
Of these, 7 (70%) were in high ferritin and 3 (30%) in the
low ferritin group. There was no statistically significant re-
lationship between high ferritin values and SOS develop-
ment in the whole group, autologous and allogenic groups
(p=0.53, p=0.53 and p=0.67).

Transplant and Relapse-Related Mortality Cases: TRM was
detected in 2 patients (3.5%) who underwent autologous SCT
in the first 100 days and in 3 (3.5%) patients with allogeneic
SCT.There was no statistically significant relationship between
high ferritin values and TRM development in both autologous
and allogeneic SCT patients (p=1 and p=0.17).

Of the 142 patients, 36 died within the total follow-up pe-
riod (25.3%). In these patients, mortality was divided into
two groups as non-relapse related and relapse-related.
Non-relapse mortality was detected in 2 patients (3.5%)
who underwent autologous SCT and 6 patients (9.3%) who
underwent allogeneic SCT. No statistically significant cor-
relation was found between high ferritin and non-relapse
mortality in autologous and allogenic groups (p=1 and
p=0.17, respectively).

Relapse-related mortality was detected in 7 patients (12.5%)
who underwent autologous SCT and in 21 patients (24.4%)
who underwent allogeneic SCT. There was no correlation
between high ferritin levels and relapse-related mortality in
autologous and allogenic groups (p=0.7 and p=0.7).
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Effect of Ferritin Concentration on Overall Survival: The
predicted survival time was over 2000 days in the autolo-
gous SCT group, but it was over 3000 days in the allogenic
SCT group. There were 35 patients in the low-ferritin group
(ferritin <500 ng/ml) in autologous SCT, and among these 35
patients; 6 mortality cases were seen during the total follow-
up period (%17.1). In the high ferritin group (ferritin =500 ng/
ml), there were 21 patients and 3 mortalities (14.3%). There
were 23 patients in the low-ferritin group in the allogeneic
SCT group, there were 10 mortality cases (%43,5). In the
high ferritin group there were 63 patients, and there were 17
mortality cases (%27). According to the log rank test, there
was no statisti-cally significant correlation between high fer-
ritin values and survival in autologous and allo-geneic SCT
(p=0.78 and 0.14, respectively) (Figs. 1, 2).
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Figure 1. Survival curve according to ferritin values in the autolo-
gous group.
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Figure 2. Survival curve according to ferritin values in allogeneic group.
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Among the whole patient group, 72.4% (n=42) of the high
ferritin group and 76.2% (n=64) of the low ferritin group
were alive. Statistically, there was no statistical relation-
ship between survival and high ferritin values in the whole
group (p=0.46) (Fig. 3).

Discussion

In this study, it was observed that high ferritin concentra-
tions before SCT were associated with post-transplantion
toxic and infectious complications such as mucositis, fun-
gal infection, BCl. However, ferritin elevation before SCT
did not have a significant effect on overall survival, trans-
plant-related mortality and complications such as GVHD
and SOS. Many studies have been conducted on the effects
of ferritin elevation on post-HSCT condition in patients
without thalassemia in previous years and elevated iron
overload before SCT is found to be related with increased
complication rates and reduced mean survival after HSCT
especially in MDS and acute leukemia patients./*-¢ 11718

As in a previous study, the cut-off value for ferritin was ac-
cepted as 500 ng/ml.B Thus, it was shown that toxic and
infectious complications may be increased in HSCT even in
low iron loads. Iron overload increases the relapse rate of
the underlying disease as well as leading to an increase in
treatment-related mortality.'> 2

Although the ferritin concentration is not a direct indicator
of total iron storage in the body, it is the most practical and
economic evaluation method for the measurement of iron
overload. In general, ferritin values of 300 microgram (mcg)/L
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Figure 3. Survival curve according to ferritin values in the whole
group.

in males and above 200 mcg/L in females correspond to in-
creased values.2""This continues to be used as an indicator of
iron overload in patients undergoing HSCT."!

Past studies have shown a direct relationship between iron
overload and toxic and infectious complications such as
mucositis, fever and bacteremia in the first 3 months af-
ter HSCT in allogenic SCT patients.?? Consistent with pre-
vious studies, this study showed a significant association
between the elevated levels of ferritin before SCT and any
degree of mucositis in patients with autologous and allo-
geneic SCT, However, there was no statistically significant
relationship between grade 3 and 4 mucositis develop-
ment and high ferritin values in both autologous and allo-
genic SCT recipients.

In this study, it was shown that there was a statistically
significant relationship between BCl and high ferritin val-
ues before SCT application in the whole group and in the
group with auto-logous SCT. The reason for a more clear
relationship in allogenic SCT recipients than in autologous
SCT recipients can be explained by the masking potential
of more important variables such as disease-related fac-
tors, immunosuppression, intensive treatment regimens,
GVHD, and steroid therapy in allogeneic SCT recipients.s 22

There was a close relationship between pneumonia devel-
opment and high ferritin levels before SCT in the whole
group and in the autologous SCT group that was close to
the statistical significance limit, but there was no statisti-
cally significant relationship between these two variables
in the allogeneic SCT group. In our study, a statistically sig-
nificant relationship was found between the high ferritin
concentrations before SCT and the development of fungal
infection in the whole group (n=142). This relationship was
close to the statistical significance level in allogenic SCT
recipients. In allogenic SCT recipients; an association be-
tween fungal infection and iron overload has been previ-
ously shown 24 Elevated ferritin level before SCT is also
a risk factor for acute GVHD development.® " |n this study,
no statistically significant correlation was found between
both acute and chronic GVHD and high ferritin values. The
small number of patients may be the reason of inadequate
clinical significance.

SOS/VOD is a condition that has a significant mortality
which can be seen with a rate of app-roximately 1% to 54%
in patients with HSCT.??! |t has been reported in several
studies that iron overload contributes to the pathogenesis
of SOS and that ferritin elevation before SCT increases the
risk of SOS development.['226-28l However, in our study, the
number of cases with SOS was limited, so that this relation-
ship could not be shown statistically.

In this study, no statistically significant correlation between



high ferritin concentrations and TRM and OS was found in
patients with autologous and allogeneic SCT. In a study,
the presence of a ferritin concentration above 685 ng/ml
was shown to be related with decreased OS and relapse-
free survival, increased relapse ratio and relapse-related
mortality.2? Majhail et al.” showed that ferritin elevation
significantly increased the risk of early relapse-free mortal-
ity after autologous and allogeneic SCT. Similarly, Sucak et
al.B have also shown that ferritin elevation in allogenic SCT
recipients is associated with a 30-day and 100-day mortal-
ity after transplantation.

Conclusion

This study aims to shed light on the role of iron overload in
the development of toxic and infectious complications in
HSCT patients after transplantation. It is obvious that more
randomized controlled studies with large patient groups
are needed in order to determine the role of ferritin in HSCT
patients.

Disclosures

Ethics Committee Approval: University Non-invasive Clinical Re-
search Ethics Committee. Number: LUT 12/02-3. Date:02.04.2012.

Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

Acknowledgements: The author wish to thank Prof. Dr. Hakan
Goker, from Hacettepe University, Faculty of Medicine, Depart-

ment of Haematology for his support in the data collection and
preparation the article for this study.

References

1. Goker H, Aksu S, Haznedaroglu iC, Biiyiikasik Y, Sayinalp N,
Turgut M, et al. Eriskinlerde hematopoietik kok hiicre trans-
plantasyonu: Hacettepe hematoloji deneyimi 2001-2005.

2. Alessandrino EP, Della Porta MG, Bacigalupo A, Malcovati L,
Angelucci E, Van Lint MT, et al. Prognostic impact of pre-trans-
plantation transfusion history and secondary iron overload in
patients with myelodysplastic syndrome undergoing alloge-
neic stem cell transplantation: a GITMO study. Haematologica
2010;95:476-84.[CrossRef]

3. Sucak G, Yegin Z, Ozkurt Z, Aki S, Yagci M, editors. Iron over-
load: predictor of adverse outcome in hematopoietic stem
cell transplantation. Transplantation proceedings; 2010: Else-
Vier. [CrossRef]

4. Kataoka K, Nannya Y, Hangaishi A, Imai Y, Chiba S, Takahashi
T, et al. Influence of pretransplantation serum ferritin on non-
relapse mortality after myeloablative and nonmyeloablative
allogeneic hematopoietic stem cell transplantation. Biology of
Blood and Marrow Transplantation 2009;15:195-204. [CrossRef]

5. Mahindra A, Bolwell B, Sobecks R, Rybicki L, Pohlman B, Dean
R, et al. Elevated pretransplant ferritin is associated with a

10.

11.

12.

13.

14.

15.

273

lower incidence of chronic graft-versus-host disease and in-
ferior survival after myeloablative allogeneic haematopoiet-
ic stem cell transplantation. British journal of haematology.
2009;146:310-6. [CrossRef]

Pullarkat V, Blanchard S, Tegtmeier B, Dagis A, Patane K, Ito J,
et al. Iron overload adversely affects outcome of allogeneic
hematopoietic cell transplantation. Bone marrow transplan-
tation 2008;42:799. [CrossRef]

Storey JA, Connor RF, Lewis ZT, Hurd D, Pomper G, Keung YK,
etal. The transplant iron score as a predictor of stem cell trans-
plant survival. Journal of Hematology & Oncology 2009;2:44.
Chow JK, Werner BG, Ruthazer R, Snydman DR. Increased
serum iron levels and infectious complications after liver
transplantation. Clinical Infectious Diseases 2010;51:e16-e23.
Kontoyiannis DP, Chamilos G, Lewis RE, Giralt S, Cortes J, Raad
Il, et al. Increased bone marrow iron stores is an independent
risk factor for invasive aspergillosis in patients with high-risk
hematologic malignancies and recipients of allogeneic hema-
topoietic stem cell transplantation. Cancer 2007;110:1303-6.
Tachibana T, Tanaka M, Takasaki H, Numata A, Ito S, Wata-
nabe R, et al. Pretransplant serum ferritin is associated with
bloodstream infections within 100 days of allogeneic stem
cell transplantation for myeloid malignancies. International
journal of hematology 2011;93:368-74. [CrossRef]

Platzbecker U, Bornhauser M, Germing U, Stumpf J, Scott BL,
Kroger N, et al. Red blood cell transfusion dependence and
outcome after allogeneic peripheral blood stem cell trans-
plantation in patients with de novo myelodysplastic syn-
drome (MDS). Biology of Blood and Marrow Transplantation
2008;14:1217-25. [CrossRef]

Morado M, Ojeda E, Garcia-Bustos J, Aguado M, Arrieta R, Que-
vedo E, et al. Serum ferritin as risk factor for veno-occlusive
disease of the liver. Prospective cohort study. Hematology
1999;4:505-12. [CrossRef]

Maradei SC, Maiolino A, de Azevedo AM, Colares M, Bouzas LF,
Nucci M. Serum ferritin as risk factor for sinusoidal obstruction
syndrome of the liver in patients undergoing hematopoietic
stem cell transplantation. Blood 2009;114:1270-5. [CrossRef]
Lee S, Yoo K, Sung K, Koo H, Kwon Y, Kwon M, et al. Hepatic ve-
no-occlusive disease in children after hematopoietic stem cell
transplantation: incidence, risk factors, and outcome. Bone
marrow transplantation 2010;45:1287. [CrossRef]

De Pauw B, Walsh T, Donnelly J, Stevens D, Edwards J, Calandra
T, et al. European Organization for Research and Treatment of
Cancer/Invasive Fungal Infections Cooperative Group; Na-
tional Institute of Allergy and Infectious Diseases Mycoses
Study Group (EORTC/MSG) Consensus Group. Revised defi-
nitions of invasive fungal disease from the European Organi-
zation for Research and Treatment of Cancer/Invasive Fungal
Infections Cooperative Group and the National Institute of Al-
lergy and Infectious Diseases Mycoses Study Group (EORTC/


https://doi.org/10.3324/haematol.2009.011429
https://doi.org/10.1016/j.transproceed.2009.11.049
https://doi.org/10.1016/j.bbmt.2008.11.012
https://doi.org/10.1111/j.1365-2141.2009.07774.x
https://doi.org/10.1038/bmt.2008.262
https://doi.org/10.1186/1756-8722-2-44
https://doi.org/10.1086/654802
https://doi.org/10.1002/cncr.22909
https://doi.org/10.1007/s12185-011-0784-0
https://doi.org/10.1016/j.bbmt.2008.08.006
https://doi.org/10.1080/10245332.1999.11746478
https://doi.org/10.1182/blood-2009-03-212282
https://doi.org/10.1038/bmt.2009.349

274

16.

17.

18.

19.

20.

21.

22.

Aytekin, Effect of Iron Overload on Complications with Hematopoietic Stem Cell Transplantation / doi: 10.14744/ejmi.2019.61112

MSG) Consensus Group. Clin Infect Dis 2008;46:1813-21.
McDonald GB, Hinds MS, Fisher LD, Schoch HG, Wolford JL,
Banaji M, et al. Veno-occlusive disease of the liver and multior-
gan failure after bone marrow transplantation: a cohort study
of 355 patients. Annals of internal medicine 1993;118:255-67.
Kim YR, Kim JS, Cheong J-W, Song JW, Min YH. Transfusion-as-
sociated iron overload as an adverse risk factor for transplan-
tation outcome in patients undergoing reduced-intensity
stem cell transplantation for myeloid malignancies. Acta hae-
matologica 2008;120:182-9. [CrossRef]

Mahindra A, Sobecks R, Rybicki L, Pohlman B, Dean R, Andre-
sen S, et al. Elevated pretransplant serum ferritin is associated
with inferior survival following nonmyeloablative allogeneic
transplantation. Bone marrow transplantation 2009;44:767.
Knovich MA, Storey JA, Coffman LG, Torti SV, Torti FM. Ferritin
for the clinician. Blood Rev 2009;23:95-104. [CrossRef]
Mahindra A, Bolwell B, Sobecks R, Rybicki L, Pohlman B, Dean
R, et al. Elevated ferritin is associated with relapse after autolo-
gous hematopoietic stem cell transplantation for lymphoma.
Biology of Blood and Marrow Transplantation 2008;14:1239-
44, [CrossRef]

Brissot E, Savani BN, Mohty M, editors. Management of high fer-
ritin in long-term survivors after hematopoietic stem cell trans-
plantation. Seminars in hematology; 2012: Elsevier. [CrossRef]
Altes A, Remacha AF, Sarda P, Baiget M, Sureda A, Marti-
no R, et al. Early clinical impact of iron overload in stem cell
transplantation. A prospective study. Annals of hematology
2007;86:443-7. [CrossRef]

23.

24,

25.

26.

27.

28.

Altes A, Remacha A, Sarda P, Sancho F, Sureda A, Martino R,
et al. Frequent severe liver iron overload after stem cell trans-
plantation and its possible association with invasive aspergil-
losis. Bone marrow transplantation 2004;34:505. [CrossRef]
Maertens J, Demuynck H, Verbeken E, Zachee P, Verhoef G,
Vandenberghe P, et al. Mucormycosis in allogeneic bone mar-
row transplant recipients: report of five cases and review of
the role of iron overload in the pathogenesis. Bone marrow
transplantation 1999;24:307. [CrossRef]

de Witte T. The role of iron in patients after bone marrow
transplantation. Blood Reviews 2008;22:522-S8. [CrossRef]
Majhail N, Lazarus H, Burns L. Iron overload in hemato-
poietic cell transplantation. Bone marrow transplantation
2008;41:997. [CrossRef]

Armand P, Kim HT, Cutler CS, Ho VT, Koreth J, Alyea EP, et al.
Prognostic impact of elevated pretransplantation serum ferri-
tin in patients undergoing myeloablative stem cell transplan-
tation. Blood 2007;109:4586-8. [CrossRef]

Rizzo JD, Wingard JR, Tichelli A, Lee SJ, Van Lint MT, Burns LJ,
et al. Recommended screening and preventive practices for
long-term survivors after hematopoietic cell transplantation:
joint recommendations of the European Group for Blood and
Marrow Transplantation, the Center for International Blood
and Marrow Transplant Research, and the American Society
of Blood and Marrow Transplantation. Biology of Blood and
Marrow Transplantation 2006;12:138-51. [CrossRef]


https://doi.org/10.1086/588660
https://doi.org/10.7326/0003-4819-118-4-199302150-00003
https://doi.org/10.1159/000187646
https://doi.org/10.1038/bmt.2009.77
https://doi.org/10.1016/j.blre.2008.08.001
https://doi.org/10.1016/j.bbmt.2008.08.009
https://doi.org/10.1053/j.seminhematol.2011.10.003
https://doi.org/10.1007/s00277-007-0266-x
https://doi.org/10.1038/sj.bmt.1704628
https://doi.org/10.1038/sj.bmt.1701885
https://doi.org/10.1016/S0268-960X(08)70005-5
https://doi.org/10.1038/bmt.2008.99
https://doi.org/10.1182/blood-2006-10-054924
https://doi.org/10.1016/j.bbmt.2005.09.012



