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Autologous hematopoietic stem cell transplantation 
(hscT) has been used to treat severe and refractory auto-
immune diseases (ADs) in children and adults for more 
than 15 years. The aim of this treatment is to restore tol-
erance through an intense lymphodepleting condition-
ing, and many patients have achieved lasting remissions. 
however, hscT is associated with significant morbidity 
and mortality and is therefore not yet standard of care. 
Pre-existing reduced organ function of patients with ADs 
may increase the organ toxicity of conditioning. In the 
early post-hscT phase, bacterial or fungal infections occur 
and therapy-associated lymphopenia sets patients at risk 
for reactivation of endogenous viruses and other oppor-
tunistic infections. During re-emerging of lymphopoiesis 
after hscT, de novo autoimmunity may develop through 
loss of central or peripheral control mechanisms. Late 
effects of autologous hscT (e.g., on the endocrine sys-
tem) and a potentially increased frequency of second-
ary malignancies are of concern. The steadily increas-
ing knowledge about specific complications occurring 
in patients with ADs after hscT has led to the adaption 
of treatment protocols and has already reduced toxic-
ity. Further prospective long-term follow-up studies are 
needed to identify patients at risk for developing serious 
complications after hscT.

Autologous hematopoietic stem cell transplantation 
(HSCT) has been used as a treatment for severe and 

therapy-refractory autoimmune diseases (ADs) for more than 
15 years. Experience with this treatment has been gathered 
in international databases, with the European Bone Marrow 
Transplantation/European League Against Rheumatism data-
base “Promise” being the largest existing database of trans-
planted patients with ADs. Promise currently includes data 
on more than 1,300 such patients from 172 institutions in 
27 countries. Additional data stem from case series and phase 
I and II studies. Most patients reported suffered from mul-
tiple sclerosis, systemic sclerosis (SSc), rheumatoid arthritis, 

systemic lupus erythematosus (SLE), juvenile idiopathic 
arthritis, and autoimmune cytopenias. In most cases, these 
patients had a chronic and progressive AD and several lines of 
established therapies had failed. To date, autologous HSCT has 
been used as a rescue strategy for patients with an expected 
poor prognosis and lack of alternative treatment options. In 
this regard, the reported overall 5-y survival of 85% and a 
progression-free survival of 43% in a recently published ret-
rospective analysis of 900 patients from the European Bone 
Marrow Transplantation database are surprisingly positive (1). 
The rationale for autologous transplantation of children with 
severe ADs and responses to that treatment has been reviewed 
recently (2) and are discussed elsewhere in this issue. Results 
from prospective randomized trials will prove whether in 
these selected patients HSCT is superior to “standard of care,” 
if this exists, with respect to efficacy, but as important with 
respect to side effects. Far less is known regarding the effects 
of allogeneic HSCT for patients with ADs (3) and experience 
with the transplantation of mesenchymal stem cells in patients 
with ADs is only emerging. A possible advantage of alloge-
neic HSCT over autologous HSCT as treatment for patients 
with ADs is the fact that a genetically different, presumably 
nonautoreactive, immune system is transplanted into a host 
with susceptibility for autoimmunity (4). However, allogeneic 
HSCT is associated with graft-vs.-host disease, which has been 
the main hindrance for further investigating this treatment in 
patients with ADs so far. We therefore focus in this review 
on complications occurring in patients with ADs during and 
after autologous HSCT.

HSCT is an invasive procedure associated with severe side 
effects leading to morbidity and treatment-related mortality 
(TRM). This issue is the main limitation for the more wide-
spread use of HSCT for patients with ADs.

TRM and nonfatal complications of HSCT have been 
accepted for patients suffering from malignant diseases. These 
patients have a high risk of immediate mortality of their dis-
ease if untreated. In contrast, most patients with ADs who 
are eligible for HSCT will not die immediately if not treated. 
However, in patients having poor prognostic factors, disease-
related 5-y mortality may be higher than 30% (5), justifying a 
more aggressive therapeutic strategy.

Received 22 september 2011; accepted 30 November 2011; advance online publication 8 February 2012. doi:10.1038/pr.2011.57

Complications of autologous hematopoietic stem cell  
transplantation for patients with autoimmune diseases
Thomas Daikeler1, André Tichelli2 and Jakob Passweg2

1Department of Rheumatology, University Hospital Basel, Basel, Switzerland; 2Department of Hematology, University Hospital Basel, Basel, Switzerland. Correspondence: 
Thomas Daikeler (tdaikeler@uhbs.ch)

http://www.nature.com/doifinder/10.1038/pr.2011.57


440 Pediatric ReseARch      Volume 71  |  Number 4  |  April 2012 copyright © 2012 International Pediatric Research Foundation, Inc.

Review Daikeler et al.

To reach the goal of a lower TRM and morbidity, it is impor-
tant to take a closer look at the complications of HSCT for 
patients with ADs reported so far and to adapt treatment pro-
tocols and patient selection in further trials. Knowledge of the 
complications and side effects of HSCT stems from cohorts, 
many including more adult patients than children.

TRm
The TRM of HSCT for patients with ADs depends on the 
patients’ disease and on conditioning. Patients with SLE, juve-
nile idiopathic arthritis, and SSc have a higher TRM than 
patients suffering from other diseases (1). This finding might 
be explained by the multisystemic nature of these diseases. In 
recent years, TRM was lower than reported in the early years 
(e.g., TRM of HSCT for SSc, the second most common indica-
tion for HSCT in ADs, was as high as 16% (6) before 2001, and 
in a later analysis TRM for patients with the same disease was 
8.5%) (7). The reduction of TRM has been attributed to bet-
ter patient selection and to adaption of conditioning regimens. 
Indeed, a learning curve and experience with these patients 
contribute to a better outcome. This finding is underlined by 
the results of the latest analysis of the European Bone Marrow 
Transplantation database, Promise, that positively correlated 
the number of patients treated for an autoimmune disease per 
center with a lower TRM (1). In this study, the overall TRM of 
the 900 included patients was 5%.

InfeCTIoUS ComPlICATIonS of HSCT
Autologous HSCT supports the recovery of hematopoiesis in 
patients with ADs after intense immunosuppressive condition-
ing. Although the immunosuppressive conditioning aims at 
lymphodepletion rather than at myelosuppression (in contrast 
to HSCT for leukemia), transient bone marrow aplasia occurs 
and a significant proportion of patients develop fever and bac-
terial infections after HSCT. Moreover, infections were the 
leading cause of mortality in the latest analysis of the Promise 
database (1).

In this unique population, pre-existing organ damage due to 
AD (e.g., pulmonary fibrosis in SSc) may predispose patients 
to infections after HSCT. Patients with ADs who are eligible for 
HSCT have often received several lines of immunosuppressive 
therapies before HSCT, and some ADs are per se accompanied 
by defects of the immune system (e.g., SLE and complement 
deficiencies) (8). These factors contribute to the risk of infec-
tion after HSCT.

Antithymocyte globulins (ATG) for conditioning and 
ex vivo selection procedures such as CD34-positive selection 
of the graft, both often applied in HSCT for patients with ADs, 
induce severe and lasting immune suppression by enhancing 
lymphodepletion. The re-emergence of a functional and diverse 
adaptive immune system can be thus delayed up to years after 
HSCT (9). Autologous HSCT-induced lymphopenia can be as 
profound and lasting as in the setting of allogeneic HSCT. In 
the case of lymphopenia, patients are at risk for reactivation of 
endogenous viruses and for the occurrence of opportunistic 
infections. Nash et al. reported on 2 of 56 patients who died 

from Epstein–Barr virus (EBV)–associated lymphoma after 
HSCT for ADs. Both received rabbit ATG for conditioning, 
and lymphocytes in peripheral blood were absent on d +28 
after HSCT (10).

In an analysis of 22 juvenile idiopathic arthritis patients who 
received HSCT, 9 patients developed Varicella zoster virus 
infection between 1 and 12 mo after HSCT, 4 patients experi-
enced cytomegalovirus (CMV) reactivation, and 1 patient had 
CMV primoinfection. Two patients died after having devel-
oped macrophage activation syndrome, which was related in 
1 patient to an EBV infection and in the other patient to a bac-
terial infection. The conditioning for these patients included 
ATG and low-dose total body irradiation (11).

EBV-triggered hemophagocytosis may develop after autol-
ogous HSCT, even in the absence of lymphocytes in periph-
eral blood, as has been shown by one patient transplanted for 
mixed connective tissue disease (12). T-cell responses directed 
against EBV-derived antigens remain relatively stable during 
even intense immune suppression (13). Small changes in the 
conditioning regimen toward a slightly more intense T-cell 
depletion may therefore rather dramatically increase the risk 
of loss of control of endogenous herpes viruses. One such pro-
cedure is CD 34+ graft selection, which has been proposed to 
be associated with an increased risk of viral reactivation after 
HSCT for hematological indications (14). A high rate of virus 
infections has also been shown among 14 patients who under-
went autologous HSCT for severe AD with CD34+ selection of 
the graft. CMV reactivation was observed in 64% patients and 
50% of patients developed a (late) Varicella zoster virus infec-
tion (15). Patients with CMV reactivation were pre-emptively 
treated with gancyclovir and none developed CMV disease. 
Taken together, lymphodepleting conditioning and CD34+ 
selection of the graft in the treatment of patients with ADs 
increase the risk for opportunistic infections; among those, 
infections with viruses of the herpes family are most often 
reported. Screening for EBV and CMV replication and careful 
examination for signs or symptoms of virus-associated disease 
after HSCT is therefore strongly recommended.

Intense immune suppression (i.e., lymphodepletion) may 
also impact memory immune responses against vaccines. In an 
immunological long-term follow-up examination of autologous 
transplanted SLE patients, significant decreases in protective 
serum antibody levels for measles, mumps, tetanus toxoid, and 
diphtheria were observed when tested 1 or 2 years after HSCT 
(9). Thus, protective long-lived plasma cells in the bone marrow 
may be deleted by conditioning and patients may be at increased 
risk of infection, albeit having received vaccination in the past.

TReATmenT-ASSoCIATeD ToxICITy
Toxicity of HSCT depends on conditioning (agents and doses) 
and on patients’ health before HSCT. The high morbidity and 
mortality reported in the initial publications on HSCT for ADs 
have been attributed to the inclusion of patients with advanced 
diseases with significant organ damage caused by the autoim-
mune disease. These patients are at an increased risk for devel-
oping more severe conditioning-induced complications.
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Cardiac Toxicity
Most conditioning regimens contain cyclophosphamide (Cy) 
and high-dose Cy have been associated with acute cardio-
toxicity in the past (16). Cy is assumed to damage endothe-
lium, leading to local inflammation within the myocard. There 
seems to be a direct correlation between the area under the 
curve of Cy and cardiotoxicity, whereas the cumulative cardio-
toxicity is negligible. With fractionation of Cy doses, cardio-
toxicity could be reduced. 

Heart involvement is common in patients with severe ADs. 
In patients with SSc, cardiovascular manifestations are the 
leading cause of death (17). In SLE, occlusive cardiovascular 
disease can be present even in young patients (18). Recent data 
suggest that the incidence of clinically silent heart involvement 
in these diseases is high (19). Cardiac deaths in patients with 
SSc associated with HSCT have been reported, which raises 
the question of whether cardiac toxicity of Cy is related to pre-
existing heart disease. Therefore, careful heart examinations 
including ultrasound and 24-h electrocardiogram (ECG) are 
performed before HSCT. Dose adaption or substitution of Cy 
for conditioning in the case of cardiac involvement or implan-
tation of an implantable cardioverter defibrillator in case of 
ventricular arrhythmias must be considered before HSCT. 
Close monitoring of these patients during and after HSCT has 
been recommended (20).

Renal Toxicity
HSCT is associated with significant renal toxicity. This is 
known for children after autologous HSCT for hematologi-
cal malignancies, where up to 50% of patients developed renal 
impairment. Presumably, the use of calcineurin inhibitors 
and the occurrence of graft-vs.-host disease contribute to the 
higher incidence of renal impairment after allogeneic HSCT 
in the same study. Moreover, worsening of renal function after 
HSCT was associated with mortality (21). Among patients 
with ADs, those suffering from SSc are at an increased risk for 
developing renal injury after HSCT. This has been shown by 
an analysis of 3 US cohorts of 91 patients with SSc who under-
went HSCT. Eleven of those developed renal impairment after 
HSCT. The etiology of renal disease was attributed to sclero-
derma renal crisis in 6 patients and pre-existing SSc renal dis-
ease in 3 patients, and it was uncertain in 2 patients. Eight of 
the 11 patients died from different causes (22). Angiotensin-
converting enzyme inhibitor therapy was given for 10 of 
11 patients. Fluid overload, insufficient blood pressure control, 
toxicity of medication, and irradiation given during HSCT 
may contribute to this effect.

Toxicity Associated With ATG Administration
ATG consists of polyclonal xenogenic antibodies directed 
against lymphoid cells. The administration of ATG may there-
fore cause serious allergic reactions. Premedication with ste-
roids prior to ATG administration is therefore mandatory. 
With a delay of generally more than 10 d serum sickness, an 
immune-complex-mediated syndrome has been reported 
to occur after ATG administration. The disease is a type III 

hypersensitivity reaction mediated by deposits of circulating 
immune complexes in small vessels, leading to complement 
activation and subsequent inflammation. Symptoms are fever, 
cutaneous eruptions, lymphadenopathy, arthralgias, albu-
minuria, and nephritis. Serum sickness is an acute self-limited 
disease (23). More rarely, serum sickness may lead to acute 
renal failure (24). Other side effects of ATG are induction of 
intravascular coagulation, hypotension, and liver dysfunction. 
In a cohort of adult patients who received allogeneic HSCT for 
different indications, side effects were less frequent if ATG was 
given over 12 h instead of 4 h and if accompanied by higher 
doses of steroids (25). ATG has been reported to be associated 
with an acute respiratory distress syndrome (26).

Granulocyte Colony-Stimulating Factor–Associated Side Effects
Granulocyte colony-stimulating factor (G-CSF) is used for 
mobilization of hematopoietic stem cells from the bone mar-
row into peripheral blood. This allows for the collection of stem 
cells for retransfusion after conditioning. Usually, mobilization 
is preceded and facilitated by chemotherapy (e.g., Cy). G-CSF 
administration has been associated with induction of flares of 
the underlying autoimmune disease) (27,28).

In patients with lung disease and/or lung inflammation, 
G-CSF may cause an acute respiratory distress syndrome (29) 
mediated by neutrophils that, following G-CSF administra-
tion, migrate in a large numbers into the lung and augment 
inflammation. Patients with SSc or SLE and lung involvement 
may be thus at risk for developing pulmonary symptoms after 
G-CSF given for mobilization.

SeConDARy ADs oCCURRIng AfTeR HSCT
HSCT fundamentally interferes with the immune system. 
Lymphodepletion is followed by de novo development of  
T and B cells. As an intended effect, HSCT potentially leads to 
the re-establishment of tolerance and hence the abrogation of 
autoimmunity. This can be achieved by restoration of central 
tolerance or by restoration of peripheral regulatory elements 
(e.g., regulatory cells). These processes are complex and only 
partly understood. In the first post-HSCT phase, remaining or 
transplanted lymphocytes expand in the host in the presence 
of an excess of growth factors (homeostatic expansion) (30). 
Later, naive lymphocytes with a broader receptor repertoire 
emerge. During the whole process, autoreactive clones may 
escape control and trigger de novo autoimmunity as an unin-
tended effect of HSCT.

Indeed, several types of ADs were observed after both 
autologous and allogeneic HSCT for different indications (31). 
Published data stem from isolated case reports or from single-
center series of patients with new onset of ADs after HSCT for 
different diseases. Most frequently, antibody-associated organ-
specific ADs such as thyroiditis (32), immune thrombocytope-
nia, autoimmune hemolytic anemia (33), or myasthenia gravis 
have been reported (34). In a single-center North American 
retrospective study (35), 6 of 155 patients with various ADs 
developed a secondary AD after autologous HSCT, partly 
related to intense T-cell depletion during conditioning with 
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ATG or alemtuzumab (CD-52 antibodies). Two other cases of 
SSc patients were studied after HSCT for secondary onset of 
immune thrombocytopenia, followed by Graves’ disease and 
SLE with antiphospholipid syndrome in the first one (36) and 
myasthenia gravis in the other (37).

Because secondary ADs may occur after HSCT for a primary 
AD, identification of the risk factors is important to improve 
patient care and may influence outcome after HSCT. We thus 
recently analyzed the incidence and risk factors for the devel-
opment of a secondary AD after HSCT in 363 patients reported 
to Promise (38). Among 363 primary AD patients included 
from 28 centers in 12 European countries, 32 developed at 
least one secondary AD after HSCT. The cumulative incidence 
of secondary AD after HSCT for ADs was 9.8% (±2%) after 
5 y. Diagnoses were autoimmune hemolytic anemia (n = 3), 
acquired hemophilia (n = 3), autoimmune thrombocytope-
nia (n = 3), antiphospholipid syndrome (n = 2), thyroiditis 
(n = 10), blocking TSH receptor antibody–associated hypo-
thyroidism (n = 1), Graves’ disease (n = 2), myasthenia gravis 
(n = 1), rheumatoid arthritis (n = 2), sarcoidosis (n = 2), and 
psoriasis (n = 1). In this cohort, risk factors for the develop-
ment of secondary ADs were SLE as primary AD and condi-
tioning with ATG plus CD34+ graft selection. This study and 
previous single-center case series (39) also suggest that sec-
ondary ADs occur more often in younger patients after HSCT. 
Two patients died of their secondary AD (acquired factor VIII 
inhibitor, antiphospholipide syndrome). Thus, patients with 
SLE, younger age at HSCT, or those receiving severe T-cell-
depleting conditioning (ATG, alemtuzumab, CD34+ selection) 
need close monitoring for secondary ADs after autologous 
HSCT.

enDoCRInologICAl lATe effeCTS
Regimen-related infertility may occur after high-dose Cy. 
Ovarian function after high-dose Cy depends on Cy dose and 
age of the patient (the younger the patient, the higher the chance 
to preserve ovarian function). An analysis of 212 patients 
undergoing allogeneic HSCT for aplastic  anemia treated with 
200 mg/kg of Cy (the same dose used in HSCT for AD) and 
ATG showed that at 20 years after HSCT, the probability that 
a female patient would become pregnant was 47% and the 
probability that a male patient had fathered a child was 62% 
of patients among those who did not develop graft-vs.-host 
disease (40). This analysis did not document what percentage 
of patients did not wish to get pregnant or to father children. 
Therefore, it could be speculated that the actual fertility rate 
is even higher than reported in this cohort. In contrast, total 
body irradiation used for conditioning induces ovarian failure 
in nearly all patients (41). Gonadal toxicity accumulates over 
time; therefore, pretreatment of patients with ADs (e.g., with 
Cy) must be taken into account.

Younger patients undergoing HSCT should therefore 
be counseled both before and after HSCT about potential 
loss of fertility and planning for future pregnancy. Fertility 
and outcomes of pregnancy after HCT require prospective 
evaluation.

Allogeneic HSCT in children has been shown to impact 
growth and thyroid function. Irradiation, the use of busul-
fan, and graft-vs.-host disease are thought to be associated 
with growth retardation and hypothyroidism after HSCT 
(42). In contrast, conditioning for autologous HSCT for 
patients with ADs uses lower doses of total body irradia-
tion or irradiation-free protocols (43). Growth of children 
with severe ADs can be delayed through chronic inflamma-
tion and through the constant use of steroids. Steroid-free 
remission of autoimmune disease after HSCT may therefore 
promote growth catch-up in children (44). Secondary auto-
immune thyroiditis occurs after autologous HSCT, espe-
cially in severe lymphodepleted patients, and may lead to 
hypothyroidism.

mAlIgnAnCIeS AfTeR HSCT
Conditioning for HSCT, pretreatment with alkylating sub-
stances, and the AD itself may contribute to an increased 
risk for the development of malignancies after HSCT in these 
patients. Cy and irradiation used for conditioning are both 
known to induce malignancies in a dose-dependent man-
ner. Cy has been associated with bladder carcinoma (45) and 
the development of hematological malignancies (46). In an 
analysis of 700 patients with severe aplastic anemia treated 
with allogeneic marrow transplantation, 23 developed a 
malignancy 1.4 to 221 mo (median, 91 mo) after transplan-
tation. Five cases were lymphoid malignancies occurring 1.4 
to 14.6 mo (median, 3 mo) after transplantation, and 18 were 
solid tumors presenting 30 to 221 mo (median, 99 mo) after 
transplantation. Radiation was identified as significant risk 
factor for the development of a malignancy (47). Similar 
conditioning protocols have been used in patients with ADs, 
albeit before autologous HSCT. However, it must be consid-
ered that patients with ADs differ from patients with hema-
tological and malignant diseases undergoing HSCT, not 
only with respect to diagnosis but also with respect to pre-
treatment before HSCT. In the latest review of the Promise 
database, 5 of 900 patients who received HSCT for an AD 
developed a malignancy after transplantation. Diagnoses 
were acute myeloid leukemia (MS), bronchial carcinoma 
(SSc), esophageal carcinoma (SSc), refractory anemia with 
excess of blasts (SLE), and posttransplant lymphoprolifera-
tive disease (mixed connective tissue disease) (1). Longer 
follow-up in prospective trials is needed to identify patients 
with ADs who are at increased risk for malignancy after 
HSCT. Regular urine examinations may help to early detect 
Cy-induced bladder carcinoma.

oUTlook
The past 15 years have seen a substantial increase in knowl-
edge of the risks and complications of autologous HSCT for 
the treatment of patients with severe ADs. Patients, their dis-
eases, and their disease manifestations are heterogeneous. 
Conditioning aims toward lymphodepletion. This leads to 
specific and new problems, partly different from what has 
been described in patients who received HSCT for malignant 
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diseases. Consequently, opportunistic infections and an 
increased incidence of secondary ADs have been observed. 
Toxicity of the conditioning regimen depends on patient dis-
ease manifestations and thus must be adapted for patients with 
organ dysfunction. This has been constantly done (e.g., adap-
tion of irradiation protocols to reduce the dose applied to the 
lungs and kidneys in patients with renal or lung involvement 
of their ADs) (48).

Critical in respect to outcome after HSCT is the process of 
patient selection. We have learned that patients with advanced, 
presumably irreversible, organ damage are at increased risk of 
developing serious complications following HSCT. It is there-
fore essential to select those patients for HSCT who suffer from 
a severe life- or organ-threatening AD, have a poor prognosis, 
have no advanced organ damage, and do not respond to an 
established therapy. Figure 1 summarizes factors influencing 
on complications after HSCT for ADs.

It is possible that with increasing experience with HSCT for 
patients with ADs, new complications may become apparent. 
Therefore, all patients should, whenever possible, be treated 
within prospective protocols looking for side effects. Careful 
evaluation of organ function before HSCT is advised; after 
HSCT, follow-up examinations must be adapted to the patient 
and to the type of conditioning in a standardized form. Results 
from ongoing phase III studies will help to gain further insights 
in complications after HSCT and may help to identify patients 
at risk.
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