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Summary
The present review is largely based on two surveys on pa-
tients who have undergone both an allogeneic hemato-
poietic stem cell transplantation (HSCT) and a solid or-
gan transplantation (SOT), carried out by the European 
Society for Blood and Marrow Transplantation (EBMT). 
Some additional references to the literature are included. 
From these sources of data it can be summarized that 
SOT represents a valuable treatment strategy in HSCT 
recipients who develop an organ failure. In stringently 
selected young patients, the overall and organ survivals 
appear to be comparable to patients undergoing SOT for 

other causes. Complications, such as infections and graft 
rejection are frequent but usually manageable. Thus, SOT 
offers a viable therapeutic option for selected patients 
with single organ failure after HSCT. Also, selected SOT 
recipients suffering from hematologic disorders may ben-
efit from allogeneic SCT and experience long-term sur-
vival without loss of organ function.
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Introduction
Solid organ transplantation (SOT) is widely used for the 
treatment of end-stage organ insufficiency. About 30000 
SOTs were performed in the European Union in 2011, com-
prising approximately 19000 kidney, 7000 liver and 2000 
heart and other (including combined) transplants [3]. Al-
logeneic hematopoietic stem cell transplantation (HSCT) 
is the only cure or the most effective treatment for a large 
number of malignant and non-malignant diseases of the 
lympho-hematopoietic system with an otherwise poor prog-
nosis. At present, the number of allogeneic HSCTs in Europe 
is approximately 15000 per year [8]. With these large num-

bers of patients, the likelihood of coincidental occurrence of 
disorders potentially indicating SOT and HSCT in the same 
patient is increasing. Such transplantation combinations can 
be problematic for many reasons.

Allogeneic HSCT is an intensive treatment which causes fre-
quently organ injury and failure, resulting in a potential in-
dication for a SOT. The mechanisms of organ injury include 
cytotoxic drugs and radiotherapy in the pretransplant condi-
tioning, organ-toxic agents in supportive care, and immuno-
logical mechanisms. The organs most often affected are kid-
ney, liver, lung and heart. Factors that may complicate a SOT 
in this setting are the fragility of the patient as a consequence 
of the toxicity of HSCT, immunosuppressive treatment for 
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the HSCT which may not be optimal for the SOT, potential 
immunological problems caused by tissue type differences 
between the recipient, the hematopoietic graft and the solid 
organ graft, and infections. In SOT recipients, the long-last-
ing immunosuppressive medication may affect the function 
of organs, and increase the risk of infections. SOT can be 
associated with development of hematological disorders 
comprising aplastic anemia, post-transplant lymphoprolif-
erative disease, acute myeloid leukemia and myelodysplastic 
syndromes [1] which may be a potential indication for allo-
geneic HSCT.

As the clinical situation is often found to be complicated and 
the risk of treatment failure regarded as high, the numbers of 
SOTs to HSCT recipients and those of HSCTs to SOT recip-
ients have been low as compared to the number of patients 
who would have a potential indication for such treatment. 
Until recent years the literature of such transplantations 
consisted mainly of case reports as reviewed by Basak et al. 
[1], Chiang and Lazarus [2], Koenecke et al. [7], with obvi-
ous risk of publication bias. As the results of such combined 
transplantations were not well known, the European Socie-
ty for Blood and Marrow Transplantation (EBMT) carried 
out two surveys to collect the experience in Europe and to 
analyze the outcome. One survey evaluated the experience 
with SOT in HSCT recipients, the other HSCTs carried out 
in SOT recipients.

EBMT surveys
In the EBMT survey of SOTs carried out in HSCT recipients 
by Koenecke et al [7], 107 centers with the total of 67000 
allogeneic HSCTs carried out between 1984 and 2007 par-
ticipated. Among them, 28 centers reported having carried 
out a total of 45 SOTs in 40 patients for organ failure after 
HSCT. The transplantations comprised 15 renal, 15 liver, 13 
lung grafts, 1 heart, and 1 skin transplantation. In approx-
imately 2/3 of the HSCTs, they were performed for malig-
nant hematological disease (n=28), the other patients had 
aplastic anemia, or an inherited disorder (n=6 for both). In 
most cases, the donor had been a sibling, and bone marrow 
has been transplanted. Almost all patients had received a 
standard full-intensity conditioning. Twenty-two patients 
had developed grade II or higher acute GVHD and 23 pa-
tients, extensive chronic GVHD before the SOT. This was 
the cause for SOT in six patients receiving liver transplants, 
and in 13 patients undergoing lung transplantation. In all 
other patients, clinically significant GVHD resolved before 
the SOT. Median age at the time of the renal transplanta-
tion was 35 (range 8-64) years, for liver transplantation, 20 
(1-56) years, and for lung transplantation, 32 (11-55) years. 
The median time between HSCT and renal transplantation 
was 84 (range 8-188) months, that in liver transplantations 
34 (range 1-137) months, and in lung transplantations, 69 
(range 7-196) months. In renal transplantations following 
HSCT, the most common cause was drug- or radiation-in-
duced kidney failure. Patients receiving liver transplantation 
could be divided in two groups, early and late transplanta-
tion after HSCT. Early liver transplantation (up to six months 
post-HSCT) was performed due to acute liver failure caused 

by veno-occlusive disease (VOD) or acute GVHD, late trans-
plantation (usually, 2-5 years after HSCT) was mostly carried 
out because of chronic liver-GVHD or cirrhosis. The indi-
cation for lung transplantation was bronchiolitis obliterans 
(BOS)/ chronic GVHD in all these patients. The overall 
5-year survival after SOT was 78%, in renal transplantations, 
100%, in liver transplantations, 71% and in lung transplanta-
tions, 63%. None of the renal transplantation patients was on 
dialysis at the end of the follow-up. The overall 2-year inci-
dence of SOT failure was 16% (20% in patients with GVHD 
preceding SOT versus 7% in GVHD-free cases). Graft re-
jection occurred in approximately 30% of the patients with 
each type of transplantation, but it could be usually treated. 
Two patients with renal transplantation, 2 with liver trans-
plantation and 4 with lung transplantation experienced graft 
failure. The relapse incidence of the underlying malignant 
disease was 4% at 5 years after the SOT. Six patients received 
the SOT from the original HSCT donors (4 kidneys, 1 liver, 
1 lung transplantation). All of them, except of the lung trans-
plantation patient, were alive at the time of the analysis. 

In the course of EBMT survey by Basak et al [1], with 101 
centers participating, 18 centers reported a total of 31 HSCTs 
in 28 SOT recipients. Thirteen of the patients have received 
a liver transplantation, 12 patients received renal grafts, and 
three underwent heart transplantation. Malignant hemato-
logical disease was the reason for HSCT in 22 of the 28 pa-
tients, the most common indications being acute myeloblas-
tic leukemia (AML) in 8 cases, acute lymphoblastic leukemia 
(ALL) and chronic myeloid leukemia (CML) in 4 cases each. 
The diagnosis leading to HSCT was known before the SOT 
in 8/28 patients (AML, ALL, CML, chronic granulomatous 
disease, primary immunodeficiency, severe aplastic anemia). 
The patients were young, with median age at the HSCT of 25 
(1-62) years. The median time from SOT to HSCT was 37 
(1-315) months. The sources of hematopoietic graft were as 
follows: peripheral blood stem cells in 21, bone marrow in 9, 
and the both in one patient. The donor was a HLA-identical 
sibling in 12, a matched unrelated donor in 14, and haploi-
dentical, in 4 cases. Seventeen patients received myeloabla-
tive conditioning. In the rest of this group, intensity of the 
conditioning was reduced. Ex vivo T-cell depletion was car-
ried out in five cases. Successful engraftment was registered 
in 25/26 evaluable patients. Eight patients developed grade 
II-IV acute GVHD. Chronic GVHD occurred in seven pa-
tients. Despite commonly advanced stage of the underlying 
disease at the time of HSCT, the relapse rate was low (22%). 
With a 5-year follow-up, solid organ graft failure occurred 
in 9 of 31 patients, i.e., in 5/13 (38%) of the renal transplan-
tations, 3/15 (20%) of the liver transplantations, and in one 
of the three heart transplantations. Five of the nine failures 
were defined as graft rejection. The median time to graft fail-
ure was 1.8 months, with a range of 0 to 131 months. Trans-
plant-related mortality at three months was 25%. Infection 
was the most common cause of death. The overall survival 
at five years after allogeneic HSCT was 40% for the entire 
group, 51% for liver transplant recipients and 42% for renal 
transplant recipients. There were no significant differences 
in the outcomes between different types of HSCT donors or 
grafts, or the conditioning intensity.
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Other clinical experience
Numerous case reports have described successful liver, lung, 
kidney and heart transplantation after HSCT. Similarly, sev-
eral case reports over the last 20 years have detailed encour-
aging results of allogeneic HSCT in solid organ transplant re-
cipients. These experiences have been summarized by Chiang 
and Lazarus [2], Koenecke et al [7], and Basak et al [1]. 

Holm and coworkers [5, 6] presented a survey from the 
Nordic countries about lung transplantations carried out for 
BOS after allogeneic HSCT. Thirteen patients were report-
ed. The indication for the HSCT had been a malignant he-
matological disease in all but two patients. All had clinical 
chronic GVHD. The median time from the HSCT to the lung 
transplantation was 8.2 (range 0.7-16) years. The median 
age at the lung transplantation was 34 (16-55) years. With 
a median follow-up time from the lung transplantation of 
4.2 years, the survival of the patients was 90% at one year, 
and 75% at 5 years. Of the two deceased patients, one died 
with a relapse of underlying disease, and one of infection. 
These results were compared to the data obtained from the 
Scandiatransplant registry and did not differ from the gener-
al cohort of lung transplant patients. Four patients developed 
BOS in the transplanted lung; in one case a retransplantation 
was carried out.

Vogl et al. [9] reported a cohort of seven patients who re-
ceived lung transplantation for BOS after allogeneic HSCT. 
In this cohort there was a case fatality rate of 57%, and medi-
an survival was 24 months after the lung transplantation. In 
this cohort the interval between HSCT and lung transplan-
tation was much shorter than in the study of Holm et al. [5], 
with a median of 18 (6-120) months.

Discussion
Although a considerable number of reports describing SOT 
following HSCT have been published [2, 7], the number of 
such transplantations has been small in relation to the fre-
quent problems of organ injury and failure seen in clinical 
practice. There are apparently many reasons to this, includ-
ing the often complicated clinical situation, poor general 
condition of the patient, and possibly a certain resistance of 
clinicians to consider such treatment approach, but also in-
sufficient information of such transplantations results. The 
described recent publications show that the outcomes can be 
quite good. In a survey by Koenecke et al. [7], the 5-year sur-
vival of patients receiving a renal transplantation was 100%, 
with no patient being on dialysis. The 5-year survival for liv-
er transplantation was 71% and that for lung transplantation 
63%. These figures are nor markedly different from the out-
comes in general SOT populations. It is clear that the patient 
populations in dual transplantations have been selected, with 
young patient age, benign diseases somewhat overrepresent-
ed, and underlying malignant disease under good control, 
but the results show that SOT carried out for organ failure 
after HSCT is a feasible treatment option in carefully select-
ed patients. There is no indication that prolonged immuno-
suppressive treatment due to the SOT would significantly 

increase the risk of disease relapse. However, it was noted by 
Koenecke et al. [7], that in a large proportion of the patients 
with SOTs following HSCT, they were carried out late, when 
the risk of relapse is already relatively low. 

BOS is a serious and problematic complication of allogeneic 
HSCT, for which there is no effective treatment. Therefore, 
good results of lung transplantations for this disorder are 
encouraging. According to a report by Holm et al. [5], the 
5-year OS was 75%, as compared with 63% in the study by 
Koenecke [7]. In contrast, the results presented by Vogl et 
al. [9] are showing that the median survival in a group of 
seven patients was only 24 months, and the case-fatality rate 
was 57%. As discussed by Holm et al. [6], the timing of lung 
transplantation comprised the major difference between 
clinical data in their study and those by Vogl et al., i.e., the 
median time from HSCT having been 8.2 years in the Holm 
study versus 18 months in the Vogl study. This difference 
may reflect, at least in part, the general importance of patient 
selection: the patients undergoing SOT early after HSCT be-
ing more likely to be at a higher risk of failure because of 
rapidly progressing complications and a poorer general con-
dition due to the recently performed HSCT. 

The number of dual transplantations including cardiac 
transplantation published is small. Chiang and Lazarus [2] 
have identified only one patient presented. In the survey [7], 
one such patient was identified from EBMT centers, and 
three, in the survey by Basak [1]. Therefore, no general con-
clusions can be drawn on heart transplantations combined 
with HSCT.

In a HSCT recipient treated with SOT, the immunological 
conditions may be complicated. The immunosuppressive 
strategy applied in the two types of transplantations is some-
what different. These factors might affect the risk of solid or-
gan graft rejection. In the survey of Koenecke et al [7], graft 
rejection was seen in 4/13 cases of renal transplantationsn, 
leading to kidney failure in two patients. These were treated 
with a second renal transplantation. In 2/14 liver transplan-
tations, the rejection led to graft failure. In 2/10 lung trans-
plantations rejection resulted in respiratory failure; in one 
case this was treated with repeated transplantation. Among 
the patients treated with lung transplantation in the study 
of Holm et al [6], no rejection causing organ failure took 
place. Therefore, also given the small numbers of patients, 
the incidences of graft rejection were not markedly different 
from those that can be seen in non-HSCT SOT patients. The 
occurrence or absence of GVHD did not significantly affect 
the outcome.

The number of reports of HSCT in SOT recipients in the lit-
erature is quite limited (1,2). In such HSCTs the function and 
fate of the solid organ graft would be a concern. As shown in 
the survey by Basak et al [1], graft failure presents a distinct 
risk, as it was seen in 9/31 patients. There was a renal graft 
failure in 38%, liver graft failure in 20% and heart graft fail-
ure in 1/3 of the patients. In approximately half of the cases, 
this was considered a result of rejection. There were no major 
problems with hematopoietic engraftment: with one excep-
tion, engraftment took place in all evaluable patients. 
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There are many possible mechanisms of graft rejection in 
this transplant setting. An immune response can be directed 
against mismatched HLA molecules, because the hemato-
poietic graft is HLA-matched with the recipient rather than 
the solid organ. However, recent studies [4] have suggested 
that allogeneic HSCT can have a tolerogenic effect, allowing 
maintenance of a solid organ graft without immune suppres-
sion. Conditioning prior to allogeneic HSCT and infection 
may increase the immunogenicity of the organ graft by en-
hancing antigen presentation, increasing costimulatory sig-
nals, changing the properties of the vascular endothelium, 
and suppressing regulatory T-cell function. Whereas the 
majority of solid organ grafts are matched with the recipi-
ent based on their blood group, this is no require for HSCT 
donors. Thus, the majority of hematopoietic transplants are 
probably not matched with the solid organ graft, and this 
could affect the survival of the organ graft. Moreover, in 
most patients, the immunosuppressive regimen is changed 
after allogeneic HSCT from a regimen typical for SOT to an 
HSCT-specific regimen, which could be suboptimal in this 
situation.

In summary, SOT can represent a valuable treatment strat-
egy in HSCT recipients who develop an organ failure. In 
stringently selected young patients, the overall and organ 
survivals appear to be comparable to patients undergoing 
SOT for other causes. Complications, such as infections and 
graft rejection are frequent but usually manageable. Thus, 
SOT offers a viable therapeutic option for selected patients 
with single organ failure after HSCT. Also, selected SOT re-
cipients suffering from hematologic disorders may benefit 
from allogeneic HSCT and experience long-term survival 
without loss of organ function.
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