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Summary

The first hematopoietic stem cell transplantation (HSCT),
the replacement of the hematopoietic system, by hema-
topoietic stem cells from the patient (autologous HSCT)
or from another person (allogeneic HSCT), was performed
almost 45 years ago. Today autologous HSCT is used to
bridge hematopoietic failure after high dose chemotherapy
for the treatment of selected hematopoietic and non-hem-
atopoietic tumours. Allogeneic HSCT is used to treat con-
genital or acquired marrow failure, and, more commonly,
to exploit the graft versus tumour effect of allogeneic cells
against high risk hematologic malignancies. In 2010,
30,000 patients were treated with HSCT (12,000 allogeneic
and 18,000 autologous HSCT) in Europe.

Substantial progress has been made in the field of allo-
geneic HSCT in the last decade. First the article describes
advances in patient and donor selection, the current con-
cepts of choosing the optimal stem cell source and the most
appropriate preparative regimen. Furthermore, recent ad-
vances in supportive care are described. We describe how
these innovations have allowed indications for allogeneic
HSCT to be expanded. Finally, prospects for future devel-
opments will be outlined.
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Introduction

Replacement of the hematopoietic system, either in the
form of hematopoietic stem cells from the patient themself
(autologous hematopoietic stem cell transplantation;
HSCT) or from another person (allogeneic HSCT), is a
procedure that was used for the first time in man almost
45 years ago. Autologous HSCT is used to bridge hem-
atopoietic failure during high dose chemotherapy for the
treatment of tumours of the hematopoietic system that are
adequately sensitive to this treatment. In this sense auto-
logous stem cell support is not a "trans-plant" but the term
autologous HSCT is commonly used. Results of both of
these procedures are often reported together as they use
similar technology. Allogeneic HSCT is used to replace the
hematopoietic system in patients with acquired or congen-

ital failure, and more commonly to exploit the graft versus
tumour effect of allogeneic cells [1-2]. According to the
European Group for Blood and Marrow Transplantation
2010 annual survey, 33,362 transplants were performed [3].
Of these 33,362 transplants, 13,345 were allogeneic and
20,017 autologous. Figure 1 shows the evolution of trans-
plant numbers with a continuous increase from 1990 to
2010. Two major changes in clinical practice are mirrored
in the curves displayed: The fist was the introduction of
Imatinib (1999) for the treatment of chronic myeloid leuk-
aemia (CML) resulting in a transient slowing of transplant
numbers in the early 2000s. The second is the discontinu-
ation of autologous HSCT for breast cancer after the pub-
lication of negative data.

Indications

Indications for autologous and allogeneic HSCT are shown
in table 1, and the distribution of its use in Europe for the
year 2010 are shown in figure 2A and 2B. The vast majority
of allogeneic HSCT (70%) are done for hematologic malig-
nancies, in particular: acute myeloid leukaemia (AML, 32%)
and acute lymphoblastic leukaemia (ALL 16%), myelodys-
plastic syndromes (MDS 16%) and non Hodgkin lymphoma
(NHL) (9%) [4-10]. Beside these frequent indications, these
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Figure 1

Autologous and Allogeneic HSCT in Europe 1990-2010 (reprinted
from: Passweg JR, Baldomero H, Gratwohl A, Bregni M, Cesaro S,
Dreger P, et al.; for the European Group for Blood and Marrow
Transplantation (EBMT). The EBMT activity survey: 1990-2010.
Bone Marrow Transplant. 2012;47(7):906-23 [3]).
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is a host of less frequent indications including many malig-
nant and non malignant diseases (fig. 2).

The most frequent indications for autologous HSCT in
Europe are plasma cell myeloma (PCM), non Hodgkin
lymphoma and Hodgkin lymphoma (HL). Whereas most
patients with PCM receive autologous HSCT as part of
the upfront treatment strategy, the majority of patients with
NHL and in particular HL receive this treatment once they
have relapsed after chemotherapy. Smaller numbers of
autologous transplants are performed to treat solid tumours
(germ cell tumours and solid tumours of childhood, such as
neuroblastoma or Ewing sarcoma). Finally, about 150 auto-
logous transplants are performed each year for autoimmune
disorders [11-16].

For autologous HSCT, risks include the short and long
term toxicities of the high dose treatment, called in this in-
stance the preparative regimen, constituting of combination
chemotherapy with or without total body irradiation. Con-
sequences may include organ damage and the risks of in-
fection and bleeding associated with the marrow aplasia.
This period is generally short as hematopoietic stem cells
previously cryopreserved are thawed and infused after the
end of the preparative regimen. Relapse remains the main
issue after autologous HSCT but treatment-related late ef-
fects are increasingly recognised, and so long-term follow
up is currently recommended for all patients after autolog-
ous HSCT. Risks are different for allogeneic HSCT in spite
of using similar technology. In allogeneic HSCT the conse-
quences of the immune mediated phenomena, graft versus
tumour effects or graft versus host disease (GvHD) in its
acute or chronic form predominate.

Stem cell source

Bone Marrow (BM): Traditionally stem cells were harves-
ted by repeated aspirations from the iliac crest. However,
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Figure 2A

Indications for allogeneic HSCT in Europe in 2010 (reprinted from:
Passweg JR, Baldomero H, Gratwohl A, Bregni M, Cesaro S,
Dreger P, et al.; for the European Group for Blood and Marrow
Transplantation (EBMT). The EBMT activity survey: 1990-2010.
Bone Marrow Transplant. 2012;47(7):906-23 [3]).

Abbr: AML Acute Myeloid Leukaemia, ALL Acute Lymphoblastic
Leukaemia, CML Chronic Myeloid Leukaemia; MDS/MPS
Myelodysplastic Syndromes/Myeloproliferative Neoplasias, CLL
Chronic Lymphocytic Leukaemia, PCD plasma cell disorders, HD
Hodgkin Lymphoma, NHL Non Hodgkin Lymphoma, Hemo/thal
Hemoglobinopathies/Thalassemias, BMF Bone Marrow Failure,
PID Primary Immunodeficiencies, IDM Inborn Errors of Metabolism,
AID Autoimmune Disorders

Table 1: Common indications for HSCT.

Autologous

Malignancy Plasma cell myeloma

Non Hodgkin lymphoma

Hodgkin lymphoma

Acute myeloid leukaemia

Neuroblastoma

Ewing sarcoma

Other rare cancers of childhood

Germ-cell tumours

Non malignant disorders Autoimmune diseases

Allogeneic

Malignancy Acute myeloid leukaemia

Acute lymphoblastic leukaemia

Chronic myeloid leukaemia (refractory to tyrosine kinase inhibitors)

Myelodysplastic syndromes (high risk)

Myeloproliferative neoplasia (high risk)

Non Hodgkin lymphoma

Hodgkin lymphoma

Plasma cell myeloma

Chronic lymphocytic leukaemia

Non malignant disorders

Acquired Severe aplastic anaemia

Paroxysmal nocturnal hemoglobinuria (not eligible for complement inhibition treatment)

Congenital Fanconi anaemia and other marrow failure syndromes

Thalassemia

Sickle cell disease

Congenital immunodeficiency syndromes

Inborn errors of metabolism
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this procedure requires an operation theatre, two physicians
and two technicians. Post-harvest hip pain in donors is
common and the need of red blood cell transfusion is some-
times necessary. Time to recovery of marrow function in
the patient after HSCT of BM is approximately 17-20
days.

Peripheral Blood Stem Cells (PBSC): Hematopoietic stem
cells can be mobilised into the peripheral blood by using
granulocyte colony-stimulating factor (G-CSF). G-CSF
mobilised stem cells collected by continuous large volume
(15-25 1) apheresis are the preferred stem cell source for
HSCT today. As higher doses of stem cells can be har-
vested by apheresis compared to BM collection, time to
engraftment is shorter. In autologous HSCT, PBSC have
completely replaced marrow as a stem cell source. PBSC
contain 10-100 times more T lymphocytes than marrow,
explaining the increased incidence of chronic graft versus
host disease (GvHD) after allogeneic HSCT with PBSC
compared to BM, associated with better disease free sur-
vival in sibling donor HSCT in patients with advanced dis-
ease stages [17]. Whereas a recently published randomised
clinical study in unrelated donor transplantation showed in-
creased chronic GvHD without impact on other outcomes
[18].

Mobilisation of PBSC is increased when G-CSF is given
after chemotherapy, feasible only in recipients of autolog-
ous HSCT. Some patients fail to mobilise an adequate num-
ber of stem cells, risk factors are pre-treatment with many
lines of chemotherapy and in particular with certain al-
kylating agents such as melphalan. Plerixafor is an inhib-
itor of CXC chemokine receptor 4 (CXCR4) on stem cells
mediating adhesion and is useful in mobilisation failure
[19-20]. For autologous HSCT, stem cells are cryo-pre-
served, thawed and re-infused after the patient has com-
pleted the preparative regimen. In allogeneic HSCT, apher-
esis is usually performed on the day of transplantation so
that the stem cells can be transplanted without the need for
cryopreservation.

For more than 20 years [21] it has been known that cord
blood harvested shortly after birth is very rich in potent
hematopoietic stem cells. Therefore, cord blood banks have
been established to provide stem cell products for allogen-
eic HSCT. Subsequently cord blood units (CBU) from un-
related donors have rapidly become a common stem cell
source. In Europe, about 900 cord blood transplants are
performed annually [3]. Cord blood units contain fewer
hematopoetic stem cells than marrow or PBSC products.
As a consequence, risk of non-engraftment is higher. Due
to immunologic immaturity of co-transplanted T-cells, a
greater number of HLA mismatches can be tolerated. By
the infusing of two CBU into a single recipient (double-
cord HSCT), the problem of low stem cell dose and risk of
non-engraftment can be circumvented. To shorten time to
engraftment and to lower engraftment failure, in vitro cord
blood expansion and co-infusion of non-stem-cells facilit-
ating engraftment are investigated intensively [22].

Patient selection

Disease stage at transplant remains the major determinant
of survival after autologous HSCT, and to a lesser degree

after allogeneic HSCT. HSCT is better tolerated in general
if performed early in the disease course. Based on studies
in the 1980s and 1990s, autologous HSCT are either done
as part of the first line treatment as in PCM or in early
relapse (e.g. for high risk NHL and HL). For allogeneic
HSCT, disease stage is of major importance because of
higher relapse risks and higher risks of toxicity, but also the
main immunologic complication: GVHD occurs less fre-
quently if the treatment is done at early disease stage. As-
suming future improvement in transplant technology and
in supportive care, the risk/benefit ratio has to be continu-
ously assessed in prospective studies. Currently HSCT for
acute leukaemias are done in first or second complete re-
mission, whereas many patients with lymphoid neoplasias
receive allogeneic HSCT after having failed several lines
of treatment often including autologous HSCT. For patients
with myelodysplastic syndromes, studies have shown that
waiting for disease progression to the stage of blast excess
is beneficial as compared to early transplantation, if max-
imisation of life expectancy is considered [23]. Conversely
in CML, patients are increasingly transplanted in advanced
stages of the disease compared to transplants in chronic
phase before the introduction of tyrosine kinase inhibitors
as patients will only come to transplant after having failed
multiple drugs [3]. This results in an unfavourable shift to-
wards higher TRM and relapse when compared to historic
data, which was mainly generated with patients in chronic
phase [24].

Due to the significant procedure related morbidity and
mortality of allogeneic HSCT, only diseases with poor pro-
gnosis (<50% survival at Syrs with conventional treatment)
are currently indications for allogeneic transplantation.
Scores have been established incorporating risk factors for
transplantation, such as disease stage, type of donor
(matched sibling donor versus unrelated donor), patient age
and disease duration [25], and in addition scoring of co-
morbidities has been shown to be useful [26]. Such scores
are helpful for individual patient counselling, in so far as
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Indications for autologous HSCT in Europe in 2010 (reprinted from:
Passweg JR, Baldomero H, Gratwohl A, Bregni M, Cesaro S,
Dreger P, et al.; for the European Group for Blood and Marrow
Transplantation (EBMT). The EBMT activity survey: 1990-2010.
Bone Marrow Transplant. 2012;47(7):906-23 [3]).

Abbr: PCD: plasma cell disorders, HD Hodgkin Lymphoma, NHL
Non Hodgkin Lymphoma, AID Autoimmune Disorders
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we learn more and more about disease risks such as genetic
alterations reflecting the malignant potential of leukaemia
biology [27]. Thus, patients with high risk disease and low
transplant risk scores may be preferentially counselled to
undergo HSCT, whereas patients with lower risk disease
and a high transplant risk score may prefer alternative treat-
ment strategies.

Donor selection

In allogeneic HSCT, HLA compatibility is of greater im-
portance than in organ transplantation, as rejection occurs
not only in the host versus graft direction, but also as graft
versus host disease (see below). Given that all genes en-
coding HLA antigens are located on chromosome 6, the
probability that any given siblings are HLA identical is
25%. Approximately 15-30% of patients referred for al-
logeneic HCT have at least one suitable HLA-identical
sibling donor. For patients without a suited family donor,
a search for an HLA-matched unrelated donor is under-
taken. International donor registries have grown and now
include nearly 20 million HLA typed donors. In addition
there are about 500,000 units of cord blood available in
cord blood banks all over the world (www.bmdw.org). Fig-
ure 3 shows the remarkable increase in the use of unrelated
donors over time in Europe. The likelihood of identifying
an HLA-matched unrelated donor varies according to pa-
tient HLA alleles and ethnicity, which influences HLA di-
versity. Caucasians have an approximate 60% chance of
finding an appropriately matched donor for class I and
class II HLA loci. Other options include HLA-mismatched
unrelated donors, umbilical cord blood where mismatches
are more easily tolerated, and HLA-haploidentical (half
matched) family members [28, 29].

Evidence suggests that certain alleles may be more ‘per-
missive’, which means they may be less of a barrier to suc-
cessful transplantation. This is further complicated by the
fact that polymorphisms outside of HLA may play a role as
well [30] in deciding whether a particular donor, recipient
combination will result in tolerance or in immunologic ac-
tivation, and other cellular components will be of influence
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Figure 3

Use of different donor types for allogeneic HSCT in Europe
1990-2010 (reprinted from: Passweg JR, Baldomero H, Gratwohl
A, Bregni M, Cesaro S, Dreger P, et al.; for the European Group for
Blood and Marrow Transplantation (EBMT). The EBMT activity
survey: 1990-2010. Bone Marrow Transplant. 2012;47(7):906-23
[3D-

as is exemplified by natural killer cell reactivity which may
exert a strong graft versus tumour effect [31].

For patients without a HLA matched donor, using a half
matched (haploidentical, typically a parent or another rel-
ative) donor is an option. Due to HLA disparity, stringent
T-cell depletion of the allograft is necessary. Problems in-
clude graft rejection, infection and disease relapse because
of reduced graft-versus-tumour (GvT) activity after deple-
tion of donor lymphocytes and poor immune reconstitu-
tion. GvT effects after haploidentical HSCT rely in part on
NK-cell alloreactivity. NK cells interact with target cells
through a complex system of activating and inhibitory sig-
nals. We have used this system to transfer purified donor
NK cells to exert anti-leukaemia activity [32] and are cur-
rently studying the use of in vitro expanded donor derived
NK cells as adoptive treatment.

Advances in the availability of HLA typed unrelated
donors as well as development of alternative donor trans-
plantation — including cord blood transplantation and
HSCT from haploidentical donors — have improved access
to transplantation for patients who were previously unable
to undergo this treatment because of lack of a suitable
donor. Satisfactory outcomes have been reported in uncon-
trolled studies. However, risks and benefits of alternative
donor transplantation remain to be elucidated.

Preparative (conditioning) regimens

Preparative regimens in autologous HSCT carry the goal to
administer chemotherapy toxin to the tumour, without any
compromises in relation to marrow toxicity, but whilst pre-
serving non-hematopoietic organ function. Administering
HSC serves to restore bone marrow function and to shorten
aplasia.

In allogeneic HSCT, historically, marrow-ablative doses
of chemotherapy and total-body irradiation (TBI) were
thought to be necessary to eradicate malignancy; to provide
immunosuppression to the recipient; and to create space in
the stem cell niche, allowing engraftment of donor hema-
topoietic cells. A major development over the last 15 years
was the introduction of reduced intensity regimens (RIC)
removing myeloablative treatment and keeping treatment
intensity just high enough to avoid graft rejection [33]. The
goal was to promote engraftment and let the graft versus
tumour effect eliminate tumour cells. Studies have shown
this to be the case, as in patients with leukaemia relapse
risks are somewhat higher if a reduced intensity regimen
is given, but this increase is only around 10% and is off-
set by lower treatment related mortality [34]. The reduc-
tion in morbidity and mortality of RIC has made allogeneic
HSCT available for older patients (i.e., patients aged 60 to
70 years), the age group that has the highest prevalence of
most hematopoietic malignancies.

GvHD: prophylaxis, clinical
manifestations, treatment

Graft-versus-host disease is the major complication of allo-
geneic HSCT. GvHD is initiated by donor T cells that re-
spond to alloantigen presented on host antigen presenting
cells. GvHD is more frequent and severe when HLA-mis-
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matched grafts are used (major mismatch), but also occurs
with a frequency of up to 60% when the donor and the re-
cipient are fully HLA matched (minor mismatch). GvHD
is either acute or chronic, affecting specific organ systems
with distinctive clinical manifestations. Acute GvHD gen-
erally occurs in the first 100 days after HSCT but late
onset acute GVHD may occur particularly after reduced
intensity conditioning HSCT. Major targets are the skin,
the gastrointestinal tract, and the liver, leading to exan-
thema of the skin (fig. 4A), enteritis and cholestatic hepat-
itis. Acute GvHD is graded according to a widely accepted
system, where the degree of skin involvement, the amount
of diarrhoea, the bilirubin level, and in severe forms the
decrease in performance status is used. For GvHD pro-
phylaxis, patients receive immunosuppressive drugs, most
commonly a combination of cyclosporine and methotrexate
or mycophenolic acid. In contrast to organ transplantation,
this prophylaxis can be tapered off and stopped in patients
not developing GvHD after 6 to 12 months. Patient age,
disease stage and donor recipient sex mismatch (i.e. female
donor for male recipients recognising antigens associated
with the Y chromosome) are risk factors for GvHD. Poly-
morphisms and biomarkers allowing to predict GVvHD are
extensively studied as these would permit prediction on
transplant associated risks and decisions on type and in-
tensity of GvHD prophylaxis.

Chronic GVHD generally occurs after day 100 post-trans-
plant and is a chronic inflammatory condition characterised
by sclerosis and multi-organ involvement (fig. 4B). The
main risk factor of cGvHD is aGvHD, presumably by dam-
aging the thymus and precluding functional positive and
negative selection of donor lymphocytes that are newly
educated from bone marrow derived precursors post-trans-

Figure 4A

Morbilliform exanthema of acute GvHD of the skin including the
palma manus.

Figure 4B

Lichenoid features and irregular pigmentation of chronic GvHD of
the skin.

plant. As with acute GvHD, chronic GvHD is graded ac-
cording to a clinical system weighing each organ involve-
ment. Almost any organ system can be involved. Manifest-
ations resemble those of autoimmune diseases and present
in the skin as a particular form of scleroderma, in the liver
as cholestatic hepatitis, but may also induce a Sjogren like
syndrome with dry eyes and mouth, and obstructive lung
disease termed bronchiolitis obliterans. Chronic GvHD is
a major cause of long-term morbidity and mortality in sur-
vivors of HSCT and the most significant determinant of
post-transplant quality of life. The course of chronic GYHD
is variable; some patients gain resolution of the disease
and are eventually able to discontinue immunosuppress-
ive treatment, whereas others have severe and treatment-re-
fractory disease [35, 36].

First line treatment of acute and chronic GvHD is i.v.
methylprednisolone. Second line treatments for both dis-
eases are not established based on high level evidence stud-
ies and remain to be defined through prospective studies.

Common infections

Infections are common in HSCT recipients, and much more
so with allogeneic HSCT where immune reconstitution is
often slow and incomplete. The peak incidence of infec-
tions changes in distinct phases with bacterial infections
being most common in the early phase during marrow
aplasia, fungal and viral infections may appear early and
later in the post-transplant phase. The most common viral
infections are with viruses that remain in a latency phase
belonging to the herpes family. Of these the cytomegalovir-
us is most commonly reactivated and there is a relationship
between viral infections and GvHD, as viral infections may
trigger GVHD events and immunosuppressants used to treat
GvHD favour viral replication.

Outcomes in selected diseases

Acute myeloid leukaemia

The most common indication for allogeneic HSCT is acute
myeloid leukaemia (AML). Typical long term results are
20%-60% long term leukaemia free survival after allogen-
eic HSCT, depending on disease stage and donor type. Fail-
ures are due in approximately equal parts to relapse of the
leukaemia and non-relapse mortality, the majority of which
is attributable to GVHD and associated complications. Al-
logeneic HSCT results in improved disease-free survival
in patients with intermediate and high risk disease in first
complete remission (CR1) but not in patients with low risk
disease, as smaller benefits in relapse reduction are off-
set by increased treatment related morbidity and mortality.
This has been confirmed in a meta-analysis of 24 trials in-
cluding 6007 patients younger than 60 years [4]. Older pa-
tients above 65 years of age with AML have a dismal out-
come (<2% 5 year survival) when treated with chemother-
apy alone [37]. A study including 274 patients receiving
reduced intensity conditioning transplants showed 5-year
overall survival of 33%, with relapse and non-relapse mor-
talities of 42 and 26% [28] respectively. There are so far
no comparative data showing that this strategy is superior
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to standard conditioning. Autologous HSCT continues to
have a place in AML treatment. In a randomised study
from the Dutch-Belgian-Swiss group including 500 pa-
tients, relapse was reduced with autologous HSCT com-
pared to chemotherapy (58% vs. 70%), and relapse-free
survival at 5 years was better (38% vs. 29%) but there were
no significant differences in overall survival [8].

Acute lymphoblastic leukaemia

In patients with acute lymphoblastic leukaemia (ALL) in-
dications for allogeneic HSCT is in early disease if the pa-
tient presents with high risk features. All other patients un-
dergo allogeneic HSCT only after relapse and reinduction.
Due to the slightly higher chemosensitivity of ALL over-
all, outcomes are similar to AML, although ALL appears
to be less sensitive to graft versus tumour effects than my-
eloid neoplasms. In future trials, treatment decisions will
be guided by minimal residual disease as measured quant-
itatively by immunoglobulin and T-cell receptor gene re-
arrangements, approaches that have been pioneered by pe-
diatric study groups [38].

Myelodysplastic syndrome

For patients with myelodysplastic syndrome (MDS), allo-
geneic HSCT is the only treatment with curative poten-
tial. MDS is a disease with important heterogeneity, as
early disease stage is marked by cytopenia with or without
transfusion needs, whereas in more advanced disease accu-
mulating blast cells resemble acute leukaemia. A decision
analysis showed that disease stage based on the interna-
tional prognostic staging system (IPSS) was useful for de-
cision making: delaying HSCT in early disease until dis-
ease progression was optimal for patients that did not have
an increase of blasts. In contrast, patients with excess of
blasts benefited from transplant as soon as feasible [22].
However, this strategy requires regular reassessment of
MDS patients to prevent an undue delay of transplant upon
progression.

Aplastic anaemia

HSCT in severe aplastic anaemia (SAA) is standard of
care for young patients below the age of 40 to 50 years.
Reported outcomes vary between 75-80% long term sur-
vival if transplanted from a sibling donor with successful
reconstitution of the hematopoietic system. Results with
transplants from unrelated donors have been historically in-
ferior, but recently improvement with this type of trans-
plant has resulted in outcomes similar to sibling donor
transplants [39]. Older patients are usually transplanted
after having failed immunosuppressive treatment, which
may also result in hematopoietic reconstitution; patients
without sibling donors will receive transplants from altern-
ative donors if failing immunosuppression. In contrast to
other indications, in SAA bone marrow is still the stem cell
source of choice. As in SAA no GvL effect is needed, the
increased risk of GvHD mediated by PBSCT is not justi-
fied [40].

Lymphoma
Autologous HSCT is standard of care in many instances in
the treatment of lymphoma. Standard indications include

Hodgkin lymphoma with early relapse, and diffuse large B
cell lymphoma in 2™ or later remission. These indications
have been shown in randomised clinical trials to result in
superior disease free survival [14]. Issues include age lim-
its of these treatments and the extrapolation to other situ-
ations. There is much less agreement on first line treat-
ment in some types of Non-Hodgkin lymphoma (NHL),
where conflicting results have been obtained in studies of
consolidation treatment by autologous HSCT. Allogeneic
HSCT is used as salvage therapy in both NHL and Hodgkin
lymphoma. Most of these transplants are done with reduced
intensity conditioning, and myeloablative conditioning is
occasionally used in selected young patients. Reported out-
comes vary. The most promising results have been reported
with indolent NHL, where progression-free survival ranges
from 45 to 85% depending on patient selection, timing and
other factors. Several studies show that allogeneic HSCT
is effective for poor-risk or refractory chronic lymphocytic
leukaemia (CLL).

Plasma-cell Myeloma

Plasma-cell Myeloma is the most frequent indication for
autologous HSCT, where survival benefit has been demon-
strated in large clinical trials. With the advent of more po-
tent new drugs this is challenged, and trials are repeated
where autologous HSCT is used as part of the upfront treat-
ment or delayed for the relapsed patient. The role of allo-
geneic HSCT in multiple myeloma is less clear. Data from
several clinical trials was inconclusive regarding overall
and relapse free survival [9]. Currently allogeneic HSCT is
reserved for very high risk patients in first remission, or for
patients relapsing early after first line treatment.

Long term care, quality of life and
follow-up by the practitioner

The survey by the European Group for Blood and Marrow
Transplantation (EBMT) 1990-2010 included 376,000 pa-
tients transplanted over this period. Overall survival at 5
years is approximately 53%, and at 10 years 44% based on
pooled data obtained from the EBMT. Extrapolating from
this information, physicians outside of transplant centres
have an increasing likelihood of encountering long-term
survivors of HSCT. Approximately, 200,000 patients may
be alive in Europe after having had an HSCT in the past.

Caring for these patients will often occur in collaboration
with the transplant centres, but given increasing numbers
and given that HSCT is no longer considered an exper-
imental procedure with a lifelong narrow attachment of
these patients to the transplant centres, practitioners will be
increasingly involved in their care. Many patients enjoy an
excellent quality of life but others may suffer from import-
ant complications requiring prompt attention. Both, recipi-
ents of autologous and allogeneic HSCT are at risk of late
toxicity of the treatment, which is quantitatively but not
qualitatively different from other patients requiring specific
follow-up after exposure to genotoxic agents. Furthermore,
recipients of allogeneic HSCT require much added atten-
tion because of the complications related to chronic GvHD.
Recommendations have been published as to the follow-
up as well as re-vaccination schedules [41]. There needs to
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be an awareness of the issues involved related to chronic
GvHD, immune reconstitution and long term toxicity of in-
tensive treatments with consequences on all organ systems.
It is beyond the scope of this paper to discuss them in great
detail.

Some principles may be listed here [42—45]:

Patients after HSCT need to recover immunity. Full T-cell
immunity may require 1 to 2 years to be established and
longer if chronic GvHD persists. Patients may be at risk of
infection with viruses, encapsulated bacteria, pneumocystis
and fungal infections.

Chronic GvHD may present with many different manifest-
ations. Onset is often slow, and signs and symptoms might
be misinterpreted or initially considered non-significant.
The skin is a prime target of chronic GvHD which can
manifest with altered skin pigmentation, superficial or deep
sclerosis — called sclerodermatous GvHD — which may lead
to decreased joint mobility or impaired wound healing. In-
volvement of the lacrimal or salivary glands leads to a Sj6-
gren like sicca-syndrome with dry eyes and dry mouth, of-
ten combined with vaginal dryness in women. The skin
in HSCT recipients is particularly sensitive to UV damage
and UV toxicity may induce GvHD. Therefore sun protec-
tion is of great importance. Eye involvement requires par-
ticular attention and care by a specialist with experience
in ocular GvHD, as erosions or ulceration of the cornea
may occur which can ultimately lead to an irreversible
loss of vision. Dental assessment is of importance as low
and altered salivary flow may promote rapidly progressive
tooth decay. Lung involvement leading to bronchiolitis ob-
literans is often triggered by respiratory viral infection and
starting with a chronic dry cough. A high level of attention
and repeated lung function tests are required since loss of
lung function is often irreversible if diagnosis is delayed.
The liver is another prime target of chronic GvHD, and
other patients may suffer from rapidly progressive chronic
hepatitis if infected prior to HSCT. Iron overload paramet-
ers need to be watched as patients often have an extensive
transfusion history. After transplantation excess iron may
be removed by venesection.

Cardiovascular risk profile needs to be assessed as patients
with chronic inflammation may suffer from progressive
atherosclerosis with increased risks of cardiac complic-
ations. Arterial hypertension and hyperlipidemia are fre-
quent findings and at least in part due to ongoing immun-
osuppressive treatment, further increasing the cardiovascu-
lar risk profile.

Long term kidney toxicity is often precipitated by use of
calcineurin inhibitors, such as cyclosporine and tacrolimus
with their specific type of renal toxicity. Obviously high
blood pressure needs to be treated if detected.

Bone density needs to be assessed as patients may be in
a state of hypogonadism and may lose bone mass through
steroid treatment for chronic GVHD. Aseptic osteonecrosis
is a common complication of chronic GvHD.

Endocrine function needs to be watched, alteration in
thyroid function, diabetes, and gonadal dysfunction are
common. In children, growth velocity needs to be mon-
itored.

Fertility is an issue in young patients and needs to be ad-
dressed. In male patients sperm cryopreservation prior to

treatment is mandatory, whereas in female patients preser-
vation of ovarian tissue and oocytes is still highly experi-
mental.

Second cancers may occur, as many types of cancers are in-
creased in frequency in long term survivors. Screening for
second cancers is strongly recommended.

Transplant centres usually use checklists to follow patients
and these may be distributed to practitioners who are fol-
lowing patients (table 2). Treatment strategies need to be
defined in collaboration with the transplant centre. They
are essentially the same as for individuals without trans-
plantation for findings like arterial hypertension, diabetes
mellitus or hyperlipidemia but may differ for more unique
post-transplant complications like manifestations of
c¢GvHD underlining the need for a successful partnership
between practitioners and transplant centres.

Future developments

In the next years, progress will be made in donor selection.
More knowledge will be available to include information
on polymorphisms in the HLA and non HLA regions to
define lower risk donors for particular patients [46]. Sup-
portive care will benefit as it has in the past from better an-
tiviral and antifungal drugs. Progress will come from the
knowledge gained in the pathophysiology of GvHD and the
importance of cytokine networks to design better drugs to
prevent and treat this complication. There are high hopes
for cellular therapy, be it exploiting the immunomodulatory
properties of mesenchymal progenitor cells [47] cultured
ex vivo; the use of in vitro expanded cell populations of the
donor such as NK cells, or infusing cells with engineered
T-cell receptors to exert anti-tumour effects through target
recognition with these modified T-cell receptors [48, 49];
or ultimately using a suicide gene approach to exert “safe”
anti-tumour effects with T-lymphocytes that can be stopped
by activating the suicide gene if these cells induce GvHD
[50].
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Figure 1

Autologous and Allogeneic HSCT in Europe 1990-2010 (reprinted from: Passweg JR, Baldomero H, Gratwohl A, Bregni M, Cesaro S, Dreger P,
et al.; for the European Group for Blood and Marrow Transplantation (EBMT). The EBMT activity survey: 1990-2010. Bone Marrow Transplant.
2012;47(7):906-23 [3]).
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Figure 2A

Indications for allogeneic HSCT in Europe in 2010 (reprinted from: Passweg JR, Baldomero H, Gratwohl A, Bregni M, Cesaro S, Dreger P, et al.;
for the European Group for Blood and Marrow Transplantation (EBMT). The EBMT activity survey: 1990-2010. Bone Marrow Transplant.
2012;47(7):906-23 [3]).

Abbr: AML Acute Myeloid Leukaemia, ALL Acute Lymphoblastic Leukaemia, CML Chronic Myeloid Leukaemia; MDS/MPS Myelodysplastic
Syndromes/Myeloproliferative Neoplasias, CLL Chronic Lymphocytic Leukaemia, PCD plasma cell disorders, HD Hodgkin Lymphoma, NHL Non
Hodgkin Lymphoma, Hemo/thal Hemoglobinopathies/Thalassemias, BMF Bone Marrow Failure, PID Primary Immunodeficiencies, IDM Inborn
Errors of Metabolism, AID Autoimmune Disorders
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Indications for autologous HSCT in Europe in 2010 (reprinted from: Passweg JR, Baldomero H, Gratwohl| A, Bregni M, Cesaro S, Dreger P, et
al.; for the European Group for Blood and Marrow Transplantation (EBMT). The EBMT activity survey: 1990-2010. Bone Marrow Transplant.
2012;47(7):906-23 [3]).

Abbr: PCD: plasma cell disorders, HD Hodgkin Lymphoma, NHL Non Hodgkin Lymphoma, AID Autoimmune Disorders
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Figure 3

Use of different donor types for allogeneic HSCT in Europe 1990-2010 (reprinted from: Passweg JR, Baldomero H, Gratwohl A, Bregni M,
Cesaro S, Dreger P, et al.; for the European Group for Blood and Marrow Transplantation (EBMT). The EBMT activity survey: 1990-2010. Bone
Marrow Transplant. 2012;47(7):906-23 [3]).

Figure 4A

Morbilliform exanthema of acute GvHD of the skin including the palma manus.
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Figure 4B

Lichenoid features and irregular pigmentation of chronic GvHD of the skin.
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