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Abstract
The introduction of novel immunosuppressive agents 
over the last two decades and the improvement of 
our diagnostic tools for early detection of antibody-
mediated injury offer us an opportunity, if not a mandate, 
to better match the immunosuppression needs of the 
individual patients with side effects of the therapy. 
However, immunosuppressive regimens in the majority of 
programs remain mostly protocol-driven, with relatively 
little inter-program heterogeneity in certain areas of the 
world. Emerging data showing different outcomes with a 
particular immunosuppressive strategy in populations with 
varying immunological risks underscore a real potential 
for “personalized medicine” in renal transplantation. 
Studies demonstrating marked differences in the 
adverse-effect profiles of individual drugs including the 
risk for viral infections, malignancy and renal toxicity 
call for a paradigm shift away from a “one size fits all” 
approach to an individually tailored immunosuppressive 
therapy for renal transplant recipients, assisted by both 
screening for predictors of graft loss and paying close 
attention to dose or class-related adverse effects. Our 
paper explores some of the opportunities during the care 
of these patients. Potential areas of improvements may 
include: (1) a thorough assessment of immunological and 
metabolic risk profile of each renal transplant recipient; 
(2) screening for predictors of graft loss and early signs 
of antibody-mediated rejection with donor-specific 
antibodies, protocol biopsies and proteinuria (including 
close follow up of adverse effects with dose adjustments 
or conversions as necessary); and (3) increased 
awareness of the possible link between poor tolerance of 
a given drug at a given dose and non-adherence with the 
prescribed regimen. Altogether, these considerations may 
enable the most effective use of the drugs we already 
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Core tip: When managing individual transplant recipients, 
awareness of potential treatment-induced complications 
and pre-existing comorbidities may take precedence over 
excessively rigid adherence to pre-existing pathways. 
Potential areas of improvement are: (1) a thorough 
assessment of immunological and metabolic risk profile 
of each donor recipient; (2) screening for predictors of 
graft loss and early signs of antibody-mediated rejection 
with donor-specific antibodies, protocol biopsies and 
proteinuria (including close follow up of adverse effects 
with dose adjustments or conversions as necessary); and 
(3) increased awareness of the possible link between 
poor tolerance of a given drug at a given dose and non-
adherence with the prescribed regimen.

Zsom L, Wagner L, Fülöp T. Minimization vs tailoring: Where 
do we stand with personalized immunosuppression during renal 
transplantation in 2015? World J Transplant 2015; 5(3): 73-80  
Available from: URL: http://www.wjgnet.com/2220-3230/full/
v5/i3/73.htm  DOI: http://dx.doi.org/10.5500/wjt.v5.i3.73

INTRODUCTION
The introduction of newer immunosuppressive agents, 
combined with a more widespread use of induction 
therapy for high risk patients resulted in a substantial 
reduction of early acute rejections and improved 
one-year graft survivals; however, these short-term 
achievements are not matched by similar gains in 
long-term outcomes of renal allografts[1-3]. With more 
potent immunosuppression, complications of the 
therapy evoked a paradigm shift by many clinicians, 
moving away from further intensification of immunosu­
ppression and to re-focus attention for preventing 
adverse effects of the immunomodulating therapy 
such as viral infections, malignancy and inherent renal 
toxicity[4]. This seemed to have ushered a new era in 
immunosuppression for renal transplantation: one in 
which immunosuppressive therapy was strong enough 
to consider the reduction or elimination of individual 
immunosuppressive agents associated with long-term 
toxicities. Thus, the concept of minimization was born. 
However, minimization seemed to have created yet more 
controversy: the potential for more rejections with steroid 
minimization[5,6], increased donor-specific antibody 
(DSA) development after calcineurin withdrawal[7] and 
increased graft loss and mortality with mechanistic 

(mammalian) target of rapamycin (mTOR) inhibitor-
based or calcineurin inhibitor (CNI)-free regimens[8,9]. 
How could we benefit from the fashionable concept of 
personalization in the field of immunosuppression after 
renal transplantation? Perhaps, reading the small prints 
from studies attempting minimization and combining 
such information with everyday clinical experience 
might help us to individually tailor immunosuppressive 
drug combinations. Specifically, while awaiting newer, 
more potent agents with less toxicity assessing an 
individual patient’s immunological and metabolic risk 
profile, having appropriate post-transplant screening 
and attentiveness for adverse events may help us take 
advantage of what we already have and arrive at the 
most suitable combination for an individual patient.

ATTEMPTS AT MINIMIZATION: 
GLUCOCORTICOIDS
The metabolic, bone and cardiovascular side-effects of 
glucocorticoid hormones, commonly referred to as “ster
oids” made them a logical target for drug minimization[10]. 
Given the ever increasing proportion of incident end-
stage kidney disease attributable to diabetic nephropathy, 
glucocorticoid minimization or avoidance maintained 
steady popularity in the transplant literature[11-14]. Among 
the more recent studies comparing “steroid-free” reg
imens to a triple combination of immunosuppressive 
agents containing glucocorticoids, the FREEDOM trial[5] 
showed more early acute rejections but a non-inferiority 
of patient or graft survival in the steroid-free groups. 
Metabolic side effects known to be associated with 
glucocorticoid hormones were also reduced. However, in 
this trial patients with presumed higher immunological 
risk were excluded, including those receiving allografts 
from marginal donors or with longer cold ischemia 
times, recipients with higher panel-reactive antibodies 
titers, as well as re-transplants. Similar results were 
obtained in the tacrolimus-based, steroid-free regimens 
in renal transplantation (ATLAS) trial[6], showing 
higher acute rejection rates not translating into inferior 
outcomes but a trend towards better cardiovascular risk 
profile in the recipients. Furthermore, in the ATLAS trial 
(a multi-center study of European patients) subjects 
were at low risk for immunological complications. A 
retrospective study conducted in the United States on 
re-transplant patients receiving rabbit-derived anti-
thymocyte globulin (rATG) induction therapy[15] showed 
relatively low rates of acute rejections in both the steroid 
withdrawal and triple therapy groups. While these and 
other studies tend to show non-inferiority of steroid-
free maintenance regimens in low risk patients - and 
perhaps a hint that in higher risk patients receiving 
induction therapy early withdrawal may be safe - it 
remains unclear whether the improvements in metabolic 
complications, including new onset diabetes[16], skeletal 
complications including fracture risk[17] are sufficiently 
counterbalancing the risk for long-term immunological 
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complications in these patients. How would tailoring help 
then? Perhaps the issue of glucocorticoid withdrawal can 
be used as the most obvious example of personalized 
immunosuppression. Patients with low immunological 
risk, or those at a higher immunologic risk but also at 
risk for metabolic complications could be candidates 
for glucocorticoid withdrawal, coupled with induction 
therapy as well as a more intense screening for acute or 
subclinical rejections, considering the negative impact 
of acute rejections[18] and increased rates for DSA[19] 
in this setting. On the other hand, the possibility of 
increased risk for antibody-mediated rejection after 
steroid withdrawal in high-risk populations is currently 
not sufficiently explored. This incomplete state of 
understanding underscores the importance of close long-
term follow-up with increased screening efforts for such 
patients. 

CNI MINIMIZATION: THE FOR AND 
AGAINST
Since their introduction into maintenance immuno
suppression in renal transplant recipients, CNI have 
greatly contributed to the reduced incidence of acute 
rejections and improved immediate graft survival[20]. In 
combination with mycophenolate mofetil and low-dose 
glucocorticoids, they remain the most popular choice 
for de novo patients in transplant programs throughout 
North America[21]. However, CNIs are known to have a 
narrow therapeutic index, require a close monitoring of 
serum levels and are associated with cumulative renal 
toxicity. Long-term administration CNI agents may 
result in renal impairment in both renal[22] and non-renal 
organ transplant recipients[23], which have led to some 
disenchantment with CNI in the transplant community[4]. 
In the background of such functional decline, a distinct 
histological pattern has been identified with a striped 
pattern interstitial fibrosis and arterial hyalinosis[24], 
albeit the specificity of this entity has been challenged 
recently[25]. The observation that most survival bene
fits from newer drug combinations, including CNIs is 
manifested in the first year after transplantation led 
many to conclude that there may be a dual pattern 
of graft loss etiology in the post-transplant course 
after renal transplantation[26]. According to this view, 
immunological mechanisms may play a prominent 
role early on manifesting as subclinical rejection on 
protocol biopsies. Later on, the cumulative toxicity from 
CNIs may become progressively more significant. This 
model has led to the development of a dual strategy 
involving an initial higher intensity immunosuppression 
with a relative tapering of immunosuppressive drug 
dosages later on, specifically targeting a lower dose 
and target levels of CNI during the late transplant 
course. Nonetheless, an alternative strategy would be 
the complete elimination of CNI drugs with or without 
alternative agent(s) introduced. An early study from 
Australia showed that in patients with low-to-moderate 

immunological risk, CNIs could be withdrawn within 
the first year after transplantation with favorable long-
term results using graft loss as the primary endpoint[27]. 
Early studies involving mTOR inhibitors also seemed 
to have shown promising results as discussed in the 
chapter below. However, this strategy has been recently 
challenged by newer studies taking advantage of 
recent developments in the diagnostic armamentarium 
for antibody-mediated rejection. Renal allograft bio
psies taken “for cause” in North American transplant 
centers[28] showed that humoral rejection may be the 
single most important etiology behind a declining graft 
function. In this particular series, calcineurin toxicity 
seemed much less prominent than previously reported. 
The same study drew attention to the significance 
of non-adherence to immunosuppressive regimens, 
possibly enhancing the role played by immunological 
mechanisms in these patients. Under such circum
stances, inadequate immunosuppression due to non-
adherence may substantially contribute to graft loss. In 
the opinion of the authors of this paper, this is a crucial 
point which may not be emphasized enough for daily 
practice transplant medicine. 

The diagnostic accuracy of CNI toxicity[25] and the 
very notion that progressive decline in graft function 
may be associated with chronic calcineurin toxicity has 
also been called in question by some[29] arguing that 
in the absence of DSA and serum complement factor 
4, d-fragment (C4d) staining the histological diagnosis 
of “calcineurine inhibitor toxicity” carries a relatively 
good prognosis. Understanding the relative importance 
of these contributing mechanisms is not at all trivial 
If CNI toxicity is relatively common even at dosages 
currently in use, then CNI minimization is a valid strategy 
aiming at preserving functional renal parenchyma 
and maintaining longevity of grafts. If, on the other 
hand, antibody-mediated mechanisms play a more 
prominent role in patients with higher immunological 
risk, CNI minimization may be counter-productive by 
lowering anti-rejection defense at a time when such is 
most needed. This state of affairs clearly points to the 
importance of developing screening tools to identify 
patients at higher risk for antibody-mediated rejection. 
This would allow us tailoring in lieu of minimization: 
those more at risk for antibody-mediated immune 
mechanisms would be maintained on relatively higher 
doses of CNIs with or without low dose glucocorticoid 
hormones, while those at low risk may be more suitable 
candidates for calcineurin minimization or withdrawal. 
Do we have these screening tools in 2015? If so, how 
should we use them? 

INDIVIDUALIZATION: RISK PROFILE AND 
SCREENING TOOLS
It has been well recognized that a number of donor 
and recipient-related factors as well as factors asso
ciated with preservation injury may influence the risk of 
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It has been shown that the combined appearance of 
C4d staining and DSA is associated with a substantially 
worse graft survival when compared to either pre
senting alone. The presence of DSA, nonetheless, 
appears to be an independent predictor of graft 
loss[39,40]. Moreover, the appearance of DSA is associated 
with non-adherence and prior rejections[39] as well as 
an mTOR-based immunosuppression compared to 
CNI use[7]. Though DSA monitoring has recently been 
introduced into routine clinical practice, there are no 
clear guidelines on how to use this information. With the 
presence of extremely sensitive techniques to identify 
DSA at low titers in otherwise completely asymptomatic 
and stable patients, what should be the next logical step 
after identifying de novo appearance of DSA? Perhaps 
the presence of C4d or subclinical rejections on protocol 
biopsies or the presence of progressive and otherwise 
unexplained albuminuria may strengthen the case for a 
more aggressive treatment strategy in these patients. 
Persistent proteinuria was part of the early definitions 
of chronic kidney disease[41] and it has long been known 
to be an important cardiovascular and renal predictor in 
both diabetic and non-diabetic renal disease. In addition, 
proteinuria is common after renal transplantation and 
it has been identified as an important predictor for 
graft loss, adverse cardiovascular events and increased 
overall mortality in renal transplant recipients[42]. It is 
also predictive of adverse outcomes at low levels when 
presenting early after transplantation[43]. Moreover, 
proteinuria is a consistent feature in acute rejection 
and is one of the clinical hallmarks in transplant gl
omerulopathy. Furthermore, a link seems to exist 
between appearance of DSA and proteinuria, whereas 
proteinuria seems to precede the appearance of DSA 
and appears to be an important factor predicting rapid 
decline of graft function[44]. Additional efforts to explore 
the relationship between de novo appearance of DSA 
and low-level proteinuria in otherwise clinically stable 
patients may prove to be useful in the clinical decision-
making process for such patients. In the absence of 
definitive studies on this subject, close monitoring of 
proteinuria may be advisable in all patients. Persistent 
proteinuria even at low absolute levels should alert one 
to the possibility that a subclinical antibody-mediated 
process may be at work. In such patients, minimizing 
or withdrawing CNIs or steroids may prove to be 
deleterious. 

MINIMIZATION AND THE ROLE OF MTOR 
INHIBITORS
The early promise of mTOR inhibitors was that they 
could potentially provide some relief from the long-term 
toxicities of CNIs[45]. Antiproliferative, antitumoral[46-48] 
and antiviral effects, including effects against CMV[45,49], 
polyoma-BK[50] and other viruses[47] coupled with a 
lack of nephrotoxicity[45] appeared attractive properties 
and fit right into the strategy of CNI minimization or 

graft loss after renal transplantation. In fact, a scoring 
system predicting graft loss has been developed on such 
basis[30]. It is logical to assume that patients with higher 
risk for graft loss may need more potent immunosuppr
ession in the early post-transplant period with induction 
therapy and a CNI-based triple combination. Keenly 
aware of the cumulative toxicity associated with such 
therapies, including viral infections [cytomegalovirus 
(CMV), polyoma-BK virus, Epstein-Barr virus infections], 
malignancy and renal toxicity, calcineurin minimization 
or withdrawal with or without replacement of CNIs by 
alternative agents have been attempted both early and 
late after transplantation[27,31-36]. These studies showed 
divergent results: some showing benefit with better 
renal function after CNI minimization[27,31,33-35], while 
others failing to show such favorable outcomes[34,36]. 
Overall, the main factors predicting a favorable outcome 
are well-preserved initial renal function (glomerular 
filtration rate > 40 mL/min per 1.73 m2), lower levels 
of proteinuria (< 1 g/d), absence of previous acute or 
subclinical rejection and no subsequent appearance 
of donor-specific anti-human leukocyte antigen 
antibodies[36,37]. A recent report on 5-year outcomes of 
patients converted to everolimus four and half months 
after transplantation under the auspices of the ZEUS 
trial[38] confirms the safety and tolerability of such an 
approach with a low mortality rate (< 3%), a fairly 
high rate of patients remaining on mTOR inhibitor 
after 5 years (62.6%) and an adverse event rate not 
significantly different from the control arm (i.e., patients 
remaining on cyclosporine). An increased incidence 
of mild acute rejections did not seem to translate into 
worse function or graft loss; on the contrary eGFR 
remained higher in the everolimus group (estimated GFR 
66.2 mL/min per 1.73 m2 with everolimus vs 60.9 mL/
min per 1.73 m2 with cyclosporine-A; mean difference 
5.3 mL/min per 1.73 m2 in favor of everolimus in intent-
to-treat population). While these results are encouraging 
suggesting that mTOR inhibitors may represent a viable 
alternative to CNIs in certain low risk patients, concerns 
for increased de novo DSA production and proteinuria 
remain, particularly when an mTOR-based regimen is 
compared to the slightly more contemporary tacrolimus-
based regimens. 

In order to optimize the decision making process to 
individually tailor immunosuppression according to the 
patient’s actual needs, we should take full advantage of 
the screening tools already available to identify cases 
with ongoing subclinical antibody-mediated injury in 
the renal graft. Protocol biopsy has been shown to 
be a useful tool in identifying patients with subclinical 
rejection early in the post-transplant course[26]. The 
recognition that subclinical rejection did appear in a 
substantial number of patients within the first year 
after kidney transplantation may be instrumental in 
guiding our therapy further. Histological lesions found 
on protocol biopsies may be even more predictive when 
coupled with the presence of donor-specific antibodies. 
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withdrawal at either an early or later time point after 
transplantation. It soon became apparent, nonetheless, 
that the role for mTOR inhibitors may be limited in the 
setting when a certain amount of cumulative damage 
due to CNI toxicity has already been reached. In a 
24-mo efficacy and safety conversion trial from cal
cineurin inhibitors to sirolimus maintenance therapy in 
renal allograft recipients  trial showed that no apparent 
graft survival benefit could be achieved after substitution 
of CNIs for mTOR inhibitors in patients with already low 
GFR or substantial proteinuria[36]. However, multiple trials 
suggested that earlier introduction of mTOR inhibitors 
coupled with dose reduction (i.e., an mTOR/calcineurin 
combination)[51] or conversion to an mTOR inhibitor with 
complete CNI withdrawal[32,33,35,49,52] may be beneficial 
in terms of preserving renal function and lowering the 
incidence of both CMV infections[53], polyoma BK virus 
infection[50] and malignancy[54-56]. However, concerns 
have been raised about such strategies due to a number 
of emerging issues associated with mTOR inhibitors 
including non-adherence to protocols[34], increased 
mortality and graft loss[8,9,35], worsening proteinuria[35] 
and increased incidence of DSA[7]. Partly due to these 
considerations and perhaps even to a larger extent due 
to an unfavorable adverse effect profile associated with 
mTOR inhibitors, the use of this strategy has sharply 
declined in North America[21]. This, in turn, gave rise 
to a dichotomy between the United States and other 
developed regions in terms of immunosuppressive 
strategies, a pattern curiously reminiscent of what 
we had observed during international comparisons 
of hemodialysis practices[57]. Strangely, a dichotomy 
also seems to exist in terms of graft survival[58], a 
phenomenon certainly not yet sufficiently analyzed. 
While in the United States most programs appear to 
favor a more homogeneous approach with induction 
therapy, tacrolimus, mycophenolate with or without 
maintenance steroids[21], in Europe several programs 
use mTOR inhibitor-based combinations reporting more 
favorable clinical outcomes, particularly in low risk 
patients[37]. What may lie behind such differences? Due 
to the lack of reliable data, the authors are forced to rely 
on their own experiences. While there may clearly be 
important differences in the immunological risk profiles 
and perhaps in drug metabolism in different patient 
populations, there also seems to be important regional 
differences in mTOR inhibitor dosing. North American 
studies reporting higher mortality and graft loss reported 
mTOR inhibitor dosages and levels substantially higher[9] 
than we have seen in some European programs and 
these higher dosages were, in turn, associated with 
more frequent adverse effects and non-adherence 
to mTOR-based regimens. This latter point cannot 
be emphasized sufficiently. Lower adherence may 
be associated with graft loss and antibody-mediated 
humoral mechanisms[28] and in many instances might 
be due to higher-than-tolerable dosing in an important 
minority of the patients. This might suggest that such 

patients could benefit from dose reduction. However, 
such a strategy is possible only when a sufficiently 
close follow up is in place to uncover tolerability-limiting 
adverse effects of a particular immunosuppressive 
agent.

TAILORING: MAKING USE OF WHAT WE 
HAVE
Even though we have great promise from newer im
munosuppressive agents, an individualized use of 
drugs we already have available may enlarge our 
therapeutic horizon further. This presupposes two 
factors: (1) a thorough evaluation of all risks, including 
immunological risk due to donor, preservation or recipi
ent-related factors and the recipient’s metabolic risk 
for new onset diabetes, hyperlipidemia and weight 
gain; (2) screening for circulating donor-specific 
antibodies with or without protocol biopsies or with 
more conventional renal predictors including proteinuria. 
Additionally, during chronic follow-up, the physician 
should carefully screen for adverse effects limiting 
tolerability of a specific drug class, keeping in mind that 
many of these side-effects may be dose-dependent. 
For de novo patients with high immunological risk, 
the current practice of giving induction therapy with 
a lymphocyte-depleting agent and a CNI-based triple 
therapy seems a logical choice. However, in patients 
with lower immunological risk the treatment regimens 
could be more diversified. For instance, in patients 
at higher risk for CMV or BK viral infections, or those 
not tolerating inosine monophosphate dehydrogenase 
(IMPDH) inhibitors (inhibitors of lymphocyte de novo 
purine nucleotide biosynthesis; i.e., mycophenolate 
mofetil and mycophenolic acid) in sufficient dosages, the 
synergistic effects of a calcineurin-mTOR inhibitor could 
be utilized to keep both drugs at a lower dosage. Clinical 
experience suggests - at least in European patients, - 
that a relatively low “combined target level” of 7-10 for 
tacrolimus-mTOR combination (whole blood levels of 
tacrolimus and mTOR inhibitor summed up together, 
both expressed in ng/mL) may provide sufficient immu­
nosuppression while avoiding many of the adverse 
reactions associated with higher targets used historically. 
For those at risk for calcineurin-associated adverse 
effects including malignancy, mTOR conversion may be 
logical choice. Often such patients may not require high 
mTOR dosages and tolerate such regimens reasonably 
well. Patients with de novo appearance of DSA, 
especially combined with rising levels of proteinuria may 
benefit from a relatively higher level of maintenance 
immunosuppression, and preferentially CNI-based one. 
Conversely, patients on CNI-minimized regimens or 
after CNI withdrawal may benefit from close monitoring 
for DSA and proteinuria, given the data for a higher 
incidence of de novo DSA appearance in such patients[7]. 
Patients at higher risk for metabolic complications, such 
as new onset diabetes, may benefit from an IMPDH-
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based immunosuppressive regimen provided that a 
relatively high dose is well tolerated. Steroid sparing 
may be important in such patients, but this may need 
to be counterbalanced against the higher risk for acute 
rejections[5,6] that may or may not translate into higher 
antibody-mediated mechanisms later in the transplant 
course. 

Emerging data on costimulation blockade-based 
regimens provide promise that a new alternative to 
CNI-based regimens may become available in centers 
that are able to afford the high costs associated with 
belatacept. Reports on five-year outcome data do indicate 
that despite a higher incidence of early acute rejections 
renal function and patient safety are maintained with 
belatacept and the incidence of post-transplant lympho
proliferative disorder remains acceptable, especially 
in patients that are seropositive for Ebstein-Bar virus 
at the time of transplantation[59,60]. Conversion from 
CNI to belatacept also appears to be possible without 
evidence for inferiority in terms of patient survival or 
graft outcomes[61]. Should belatacept become more 
accessible in the future, enough clinical experience may 
accumulate to define a role for this promising agent in 
patients with appropriate risk and safety profiles.

Finally, with emerging data emphasizing the impor
tance of non-adherence[28], we should keep in mind 
close monitoring for adverse reactions. Early detection 
of a compliance-endangering side effect gives us the 
opportunity to tailor dose or to choose an alternative 
drug to accommodate individual susceptibilities or side 
effects.

CONCLUSION
In practice of clinical medicine, we often have to 
make the best decision based on less-than-complete 
information or in patients with multiple co-existing 
comorbidities; therefore, the concept of “evidence-based 
medicine” itself becomes a contradiction. Accordingly, 
when managing an individual side effect, complications 
and co-morbidities may take precedence over exc
essively rigid adherence to pre-existing pathways. 
Perhaps the time has come to abandon the “one size fits 
all” approach and to go beyond using rigid protocols in 
choosing the optimal immunosuppressive regimen for 
an individual patient. Potential areas of considerations 
are: (1) a thorough assessment of immunological and 
metabolic risk profile of each recipient; (2) screening 
for predictors of graft loss and early signs of antibody-
mediated rejection with DSA, protocol biopsies and 
proteinuria (including close follow up of adverse effects 
with dose adjustments or conversions as necessary); 
and (3) increased awareness of the possible link between 
poor tolerance of a given drug at a given dose and non-
adherence with the prescribed regimen. Altogether, 
these considerations may broaden our therapeutic 
horizon and makes possible the most effective use of the 
drugs we already have. 
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Abstract
Lymphomas constitute the second most common 
indication for high dose therapy (HDT) followed by 
autologous hematopoietic cell transplantation (auto-

HCT). The intent of administering HDT in these hetero
geneous disorders varies from cure (e.g. , in relapsed 
aggressive lymphomas) to disease control (e.g. , most 
indolent lymphomas). Regardless of the underlying 
histology or remission status at transplantation, disease 
relapse remains the number one cause of post auto-
HCT therapy failure and mortality. The last decade 
has seen a proliferation of clinical studies looking 
at prevention of post auto-HCT therapy failure with 
various maintenance strategies. The benefit of such 
therapies is in turn dependent on disease histology and 
timing of transplantation. In relapsed, chemosensitive 
diffuse large B-cell lymphoma (DLBCL), although post 
auto-HCT maintenance rituximab seems to be safe 
and feasible, it does not provide improved survival 
outcomes and is not recommended. The preliminary 
results with anti- programmed death -1 (PD-1) antibody 
therapy as post auto-HCT maintenance in DLBCL is 
promising but requires randomized validation. Similarly 
in follicular lymphoma, maintenance therapies including 
rituximab following auto-HCT should be considered 
investigational and offered only on a clinical trial. 
Rituximab maintenance results in improved progression-
free survival but has not yet shown to improve overall 
survival in mantle cell lymphoma (MCL), but given 
the poor prognosis with post auto-HCT failure in MCL, 
maintenance rituximab can be considered on a case-
by-case basis. Ongoing trials evaluating the efficacy 
of post auto-HCT maintenance with novel compounds 
(e.g. , immunomodulators, PD-1 inhibitors, proteasome 
inhibitors and bruton’s tyrosine kinase inhibitors) will 
likely change the practice landscape in the near future 
for B cell non-Hodgkin lymphomas patients following 
HDT and auto-HCT. 

Key words: Mantle cell lymphoma; Diffuse large B 
cell lymphoma; Follicular lymphoma; Autologous 
hematopoietic cell transplantation
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Core tip: Prevention of disease-relapse is an unmet 
medical need in B-cell non-Hodgkin lymphomas (NHL) 
undergoing autologous hematopoietic cell transplantation 
(auto-HCT). In this review, are summarized potentially 
paradigm changing advances in post auto-HCT, main
tenance strategies in B-cell NHL. 

Epperla N, Fenske TS, Hari PN, Hamadani M. Recent advances 
in post autologous transplantation maintenance therapies in B-cell 
non-Hodgkin lymphomas. World J Transplant 2015; 5(3): 81-88  
Available from: URL: http://www.wjgnet.com/2220-3230/full/
v5/i3/81.htm  DOI: http://dx.doi.org/10.5500/wjt.v5.i3.81

INTRODUCTION
Hodgkin and non-Hodgkin lymphomas (NHL) collectively 
constitute the second most common indication for high 
dose therapy (HDT) and autologous hematopoietic 
cell transplantation (auto-HCT)[1]. In chemotherapy 
responsive relapsed lymphoid malignancies auto-HCT 
can provide long-term disease control, while avoiding 
the immunologic complications and delayed immune 
reconstitution associated with allogeneic HCT.

The curative potential of auto-HCT or the expected 
duration of disease control in lymphoid malignancies 
varies depending on the histological subtype, number of 
prior therapy lines and depth of remission prior to HDT. 
The role of auto-HCT as a potentially curative option in 
relapsed, chemosensitive diffuse large B-cell lymphoma 
(DLBCL) is well-defined. The PARMA trial[2] established 
that salvage chemotherapy and auto-HCT provided a 
significantly better event-free survival (EFS) and overall 
survival (OS) in subjects randomized to the HDT arm. 
Several registry based[3-6] and prospective studies in 
the rituximab-era[7] have reproduced these results. In 
contrast, auto-HCT when applied upfront for mantle cell 
lymphoma (MCL)[8], or for relapsed, chemosensitive 
patients with follicular lymphoma (FL) is generally not 
considered a curative modality.

Regardless of the underlying histology or remission 
status at transplantation, disease relapse or progression 
remains the number one cause of post auto-HCT therapy 
failure and mortality. Prevention of disease relapse 
following auto-HCT in lymphoid malignancies therefore 
remains an unmet medical need. Disease relapse 
following auto-HCT occurs via two possible mechanisms. 
Most patients relapse likely due to the proliferation of a 
resistant clone of lymphoma cells (or stem cells) surviving 
the HDT. A minority may experience relapse due to re-
infusion of an autograft contaminated by lymphoma 
cells[9]. In order to circumvent the problem of autograft 
contamination by lymphoma cells, several studies have 
examined the role of ex vivo purging (by monoclonal 
antibodies, CD34+ cell selection, etc.)[10,11] and in vivo 
purging (e.g., rituximab with mobilization)[12,13] of 
autologous stem cell products. However, randomized 

data do not demonstrate improved outcomes with 
purged auto-HCT[14]. Similarly intensifying HDT with 
radioimmunotherapy based conditioning regimens[15] 
have likewise not demonstrated improved HCT out
comes. A handful of studies have looked at tandem 
auto-HCT following by reduced-intensity allogeneic HCT 
in lymphoid malignancies[16,17]. However no randomized 
data are available to support the use of this approach. 
Moreover advanced age, comorbidities and suitable 
donor availability makes such a tandem HCT approach 
theoretically applicable to only a small subset of lymp
homa patients. 

Over the last decade several studies have shown 
improved outcomes with maintenance immunotherapies 
applied after conventional chemoimmunotherapies in 
patients with lymphoid malignancies[18-20]. Owing to 
the excellent safety profile of maintenance immuno
therapies in the non-transplant setting, this modality 
has now been investigated post auto-HCT in lymphoid 
malignancies. In this article we review the role of post 
auto-HCT maintenance therapies in B cell NHL, along 
with overview of novel agents that likely will serve as 
future maintenance strategies in the post auto-HCT 
setting. 

DIFFUSE LARGE B CELL LYMPHOMA
Of DLBCL patients who relapse after auto-HCT, a vast 
majority relapse early post-transplant. In a recent 
Center for International Blood and Marrow Transplant 
Research (CIBMTR) study[5], nearly three quarter of 
relapses in DLBCL were seen within the first 9 mo follo
wing autoHCT. A landmark analysis of DLBCL patients 
surviving the first 9 mo post-transplant without relapse/
progression, showed a 5-year progression-free survival 
(PFS) probability of > 80%, suggesting that an effective 
strategy to prevent early DLBCL relapses post auto-HCT 
would theoretically translate into significant improve
ments in patient outcomes. 

Studies evaluating the role of maintenance therapies 
in DLBCL are summarized in Table 1[21-26]. A small case 
series by Lim et al[21] (n = 15) provided preliminary 
evidence for maintenance in DLBCL post HCT. In this 
study post auto-HCT rituximab maintenance in high risk 
NHL for 2 years (once every 3 mo) provided a relapse-
free survival of 100% and OS of 80% at 5.5 years (Table 
1). Subsequently, in a small prospective study (n = 12), 
in vivo graft purging and post auto-HCT maintenance 
with rituximab in high risk DLBCL resulted in 3 year PFS 
of 83% and OS of 100%[22]. 

These studies paved way for a large prospective 
randomized study, in which high-risk DLBCL (n = 269) 
patients after undergoing an upfront autoHCT consoli
dation in first remission, were randomized to a brief 
rituximab course (four weekly doses) vs observation. 
In patients who achieved a complete remission (CR) 
following HDT, this brief maintenance rituximab exposure 
provided statistically significant superior EFS (Table 
1)[24]. Since all DLBCL patients underwent an auto-HCT 
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in first remission in this trial (a scenario that would not 
be considered standard-of-care today), caution must 
be exercised in extrapolation of these data to relapsed 
DLBCL patients undergoing auto-HCT. Of note, quality 
of life (QOL) assessments in this study showed rapid 
recovery (as early as day 100) in all the tested QOL 
subdomains after auto-HCT and rituximab maintenance 
did not negatively influence the QOL outcomes[27]. 

The more clinically relevant question of rituximab 
maintenance in DLBCL patients after failing first line 
therapies was addressed in the collaborative trial in 
relapsed aggressive lymphoma (CORAL) study. In this 
trial (after an initial randomization of patients between 
two different salvage therapies), a second randomization 
of relapsed DLBCL patients after auto-HCT to either 
rituximab maintenance (every 2 mo for 1 year) or 
observation alone was performed (Table 1). Rituximab 
maintenance in this study provided no benefit in terms 
of EFS, PFS or OS. However an unplanned subset an
alysis suggested a possible benefit of maintenance 
rituximab in female patients[25]. This finding likely is a 
reflection of less rapid rituximab clearance in females, 
which in turn leads to higher blood concentrations of 
rituximab[28]. This observation could suggest a benefit 
of rituximab post auto-HCT in female subjects (and 
possibly in males using higher doses of rituximab), but 
this hypothesis needs further investigation. In addition 
to a lack of randomized data supporting using of mainte
nance rituximab for relapsed DLBCL, uncontrolled data 
suggest prolonged hypogammaglobulinemia extending 
beyond 2 years when using this approach in the post 
auto-HCT setting[21,22].

Advances in our understanding of tumor biology 
have led to the development of novel targeted therapies 
in DLBCL. Programmed death 1 (PD-1) is a T cell co-
receptor that binds to the ligand B7 to maintain an 

immunosuppressive tumor microenvironment. PD-L1 
is expressed on suppressor immune cells in the tumor 
microenvironment and in a subset of DLBCL[29-32] where 
it may alter the composition and function of tumor-
infiltrating lymphocytes[33], and therefore represents 
a valid therapeutic target. Early after auto-HCT, a 
majority of the circulating leukocytes are natural killer 
cells, CD45RO+ memory/effector cells and monocytes, 
which comprise anti PD-1 monoclonal antibody target 
populations and whose presence has been associated 
with a favorable prognosis in DLBCL[34-36]. In DLBCL 
patients, post auto-HCT PD-1 blockade may prevent 
PD-1 mediated exhaustion of antitumor lymphocytes, 
leading to eradication of residual disease and improve
ment in transplant outcomes. In a multicenter phase 
Ⅱ trial (Table 1) an anti-PD-1 monoclonal antibody, 
pidilizumab, was administered to patients with relapsed 
or refractory DBLCL following auto-HCT. The 16-mo 
PFS was 72% in the overall population and 70% in 
the subgroup of high-risk patients who had a positive 
positron emission tomography scan at the end of salvage 
therapy. Remarkably, 51% of patients with residual 
disease after transplant responded to the treatment, 
and 34% of these patients had CR without significant 
autoimmune toxicity[26]. Although promising, these 
results have not been confirmed in a prospective rando
mized trial yet.

Several ongoing trials are looking at maintenance 
post auto-HCT in DLBCL using immune modulators 
(NCT01241734; lenalidomide maintenance; phase Ⅰ
/Ⅱ), PD-1 inhibitors (NCT02362997; pembrolizumab; 
phase Ⅱ), proteasome inhibitors (NCT00992446; 
bortezomib in combination with vorinostat; phase Ⅱ) 
and Bruton’s tyrosine kinase inhibitors[37] (ibrutinib 
maintenance in activated B-cell type DLBCL in the soon 
to open BMT-CTN/Alliance phase Ⅲ study).
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Ref. Study design Maintenance schedule n % CS at HCT PFS/EFS (%) OS (%) Comments

Lim et al[21] Retrospective Rituximab 375 mg/m2 (q 3 
mo for a total of 8 doses)

15 100 - 80 Relapse free survival 100% 
(5.5 yr)(5.5 yr) 

Zhang et 
al[22]

Single arm 
prospective

Rituximab 375 mg/m2 (q 3 
mo for 2 yr) 

12 100 83 100 Prolonged 
hypogammaglobinemia in 2 

patients
(3 yr) (3 yr)

Tsirigotis et 
al[23]

Retrospective Rituximab 375 mg/m2 (80% q 
wk and 20% q mo)

19   79 NR NR Compared to controls, 
maintenance improves PFS 

and OS
Haioun et 
al[24]

Randomized 
prospective

Rituximab 375 mg/m2 
(weekly for 4 doses)

269     84.5 80 (R) vs 71 (O) - Patients underwent autoHCT 
upfront in first remissionR = 139, 

O = 130
(4 yr)

Gisselbrecht 
et al[25]

Randomized 
prospective

Rituximab 375 mg/m2 (q 8 
wk for 1 yr)

242 100 52 (R) vs 56 (O) 61 (R) vs 65 (O) 4 yr EFS was 52% for 
Rituximab arm while 53% for 

observation arm
R = 122, (4 yr) (4 yr)
O = 120

Armand et 
al[26]

Prospective 
phase Ⅱ

Pidilizumab 1.5 mg/kg (q 42 
d for 3 cycles)

66   91 72 85 ORR was 51% (CR of 34%) in 
pts with measurable disease 

after autoHCT
(16 mo) (16 mo)

Table 1  Studies evaluating the role of antibody based maintenance therapy post autologous hematopoietic cell transplantation in 
diffuse large B cell lymphoma

CS: Chemo-sensitive; PFS: Progression free survival; OS: Overall survival; NR: Not reached; R: Rituximab arm; O: Observation arm; EFS: Event free 
survival; ORR: Overall response rate; CR: Complete remission; HCT: Hematopoietic cell transplantation.

Epperla N et al . Post autograft maintenance in B cell non-Hodgkin lymphomas



a lack of survival benefit. Though randomized trials in 
FL in the non-transplant setting have shown no OS or 
PFS benefit with rituximab maintenance when using a 
shorter course (about 8 mo) of maintenance, as used 
in the EBMT study[43], the Swiss study [Swiss Group for 
Clinical Cancer Research (SAKK 35/98)] demonstrated 
superior EFS[44]. 

While rituximab maintenance post auto-HCT appears 
unlikely to improve survival of FL patients, the role 
of other novel approaches as maintenance therapies 
post auto-HCT in follicular lymphoma warrants further 
investigation. Ongoing post auto-HCT maintenance 
clinical trials involving FL patients are evaluating the role 
of immune modulators (NCT01035463; lenalidomide 
maintenance; phase Ⅰ/Ⅱ), and proteasome inhibitors 
(NCT00992446; bortezomib in combination with 
vorinostat; phase Ⅱ) as maintenance options.

Bottom-line
Maintenance therapies including rituximab following 
autoHCT should be considered investigational in patients 
with FL and should only be offered on a clinical trial.

MCL
Maintenance rituximab after induction chemoimmun
otherapies has been shown to improve OS in older 
patients with MCL[20]. In MCL, prevention of relapse or 
progression after auto-HCT is crucial; since outcome 
after auto-HCT relapse is dismal with a median survival 
of only 23 mo[45]. Several retrospective and a few 
prospective studies have evaluated the potential role 
of post auto-HCT maintenance rituximab in MCL (Table 
2)[46-49].

Dietrich et al[48] compared post auto-HCT mainte
nance rituximab (administered within a prospective 
phase Ⅱ study of rituximab maintenance in B-cell 
lymphoma NCT 01933711), to MCL patients getting 
no maintenance (but transplanted during the same 

Bottom-line
Although rituximab seems to be a feasible and safe 
option post auto-HCT, it does not provide improved 
disease control or survival outcomes and is not recom
mended in this setting. The preliminary results with 
PD-1 antibody as a post auto-HCT maintenance therapy 
in DLBCL are promising but require validation in a 
randomized setting.

FOLLICULAR LYMPHOMA
Registry data from the European Group for Blood and 
Marrow Transplantation (EBMT)[38] and the CIBMTR 
show no plateau in relapse rates of FL after auto-HCT[39]. 
Since maintenance immunotherapies (with rituximab) in 
FL have shown benefit after both frontline[18] and subse
quent chemoimmunotherapies[40,41], the application of 
rituximab maintenance following auto-HCT would also 
be a reasonable strategy to potentially prevent relapse.

The EBMT recently reported the efficacy and safety of 
rituximab, as in vivo purging before transplantation and 
as maintenance treatment immediately after HDT and 
auto-HCT in patients with relapsed FL, in a randomized 
prospective trial. In this study, 280 rituximab-naïve 
patients with relapsed FL were randomly assigned to 
auto-HCT with or without in vivo rituximab purging, 
followed by a second randomization to rituximab main
tenance therapy (once every 2 mo for a total of four 
infusions) or observation[42]. At a median follow-up of 
8.3 years, rituximab maintenance when compared to 
observation resulted in superior PFS at 10 years (54% vs 
37%), but did not translate into an improvement in OS 
(73% vs 68%)[42]. In addition, maintenance rituximab 
was associated with a higher (albeit statistically non-
significant) rate of late neutropenia. Considering the 
fact that this study enrolled rituximab-naïve patients, 
the lack of a survival benefit in this study is particularly 
noteworthy. It is plausible that the relatively short 
maintenance schedule employed in this trial resulted in 
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Ref. Design Maintenance n % CS at HCT PFS/EFS (%) OS (%) Comments

Lim et 
al[46]

Retrospective Rituximab 375 mg/m2 (q 3 
mo for 2 yr starting day + 

100)

8 100 57 67 Delayed immunoglobulin reconstitution 
was seen in all patients and persisted 

beyond the rituximab maintenance period
Graf et 
al[47]

Retrospective Rituximab 375 mg/m2 
(variable dosing schedule 

but median  doses = 8)

157 Almost all the 
patients who 
received MR

HR of 0.33 HR of 0.40 In the landmark analysis at D 100 
after auto-HCT 3 yr PFS and OS were 

statistically better in the MR compared to 
the no MR group

R = 50, 
O = 107

Dietrich 
et al[48]

Retrospective Rituximab 375 mg/m2 (every 
3 mo for 2 yr) 

72
R = 22, 
O = 50

90 (R) vs 65 (O) 90 (R) vs 
84 (O)

Patients in both the arms were well 
matched. The median observation time was 

56 mo
Gouill et 
al[49]

Prospective 
phase Ⅲ

Rituximab 375 mg/m2 Ⅳ 
(every 2 mo for 3 yr)

238
R = 119, 
O = 119

81.4 93.2 (R) vs 81.5 
(O)

(2 yr)

93.4 (R) vs 
93.9 (O)

(2 yr)

All patients received 4 courses of R-DHAP 
followed by auto-HCT. The conditioning 

regimen of auto-HCT was R-BEAM 
(R=500 mg/m2)

Table 2  Studies evaluating the role of rituximab maintenance after autologous hematopoietic cell transplantation in mantle cell lymphoma

CS: Chemo-sensitive; PFS: Progression free survival; EFS: Event free survival; OS: Overall survival; MR: Maintenance rituximab; HR: Hazard ratio; R: 
Rituximab arm; O: Observation arm; R-DHAP: Rituximab, dexamethasone, cytarabine and cisplatin; R-BEAM: Rituximab, carmustine, etoposide, cytarabine 
and melphalan; HCT: Hematopoietic cell transplantation.
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time period of aforementioned trial). The study showed 
that the 2 year PFS was significantly better in the 
maintenance rituximab compared to no maintenance 
rituximab cohort (90% and 65% respectively P = 0.014) 
with no difference in OS between the two arms (90% 
in maintenance rituximab and 84% in no maintenance 
rituximab) (Table 2). However, following a multivariate 
adjustment for other factors maintenance rituximab 
was strongly associated with both PFS and OS[48]. 

The only randomized phase Ⅲ trial to study mainte
nance therapy in post auto-HCT setting in MCL was 
conducted by the LYSA, GOELAMS (Groupe Ouest 
Est d’Etude des Leucémies et Autres Maladies du 
Sang) and GELA (Groupe d’Etude des Lymphomes 
de l’Adulte). Patients who achieved a CR or partial 
remission to auto-HCT (n = 238) were randomized 
to maintenance rituximab (n = 119) (375 mg/m2, IV 
every 2 mo for 3 years) or wait and watch (WW) (n = 
119) arms. The 2 year EFS and PFS were statistically 
different between the two arms (P = 0.015 for both) 
favoring the maintenance rituximab (93.2% in the 
maintenance rituximab arm vs 81.5% in the WW arm), 
however there was no difference in OS (93.4% in 
the maintenance rituximab arm vs 93.9% in the WW 
arm) (Table 2)[49]. Final data with mature follow up and 
complete toxicity assessment is not yet reported. 

Among lymphoid malignancies, the therapeutic 
landscape of MCL is rapidly changing with several new 
agents approved for therapy in relapsed/refractory 
setting in the last 2-3 years. Lenalidomide has shown 
significant activity in relapsed/refractory MCL leading to 

its approval as a single agent in this patient group[50]. 
Fondazione Italiana Linfomi ongoing randomized phase 
Ⅲ study is evaluating the role of lenalidomide mainte
nance after upfront auto-HCT consolidation in MCL 
(NCT02354313). Ibrutinib, another agent with known 
activity in relapsed MCL[51] is a potential candidate for 
post auto-HCT maintenance. A single arm prospective 
trial is administrating ibrutinib as maintenance therapy 
after intensive induction programs (with or without 
auto-HCT) (NCT02242097). Minimal residual monitoring 
(MRD) monitoring with polymerase chain reaction 
(PCR) for immunoglobulin heavy chain (IgH) and/or 
bcl-1 rearrangement was employed in the MCL-2 
trial[52]. Pre-emptive treatment with rituximab achieved 
a second molecular remission in 92% of the patients 
(n = 26) experiencing molecular relapse (PCR+ for 
IgH rearrangement) post auto-HCT. After pre-emptive 
treatment median clinical and molecular relapse free 
survivals were 3.7 and 1.5 years respectively. Though 
strictly speaking pre-emptive therapy is not post-
transplant maintenance, it is akin to the post auto-HCT 
maintenance therapy but needs further investigation. 

Bottom-line
Considering the poor prognosis to post auto-HCT failures 
in MCL, rituximab maintenance should be evaluated 
on a case-by-case basis (e.g., patients who would 
not be fit for a subsequent allogeneic transplant). In 
addition, rationale application of novel maintenance 
therapies using MRD monitoring represents a promising 
investigational approach for MCL patients after auto-HCT.
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Drug Mechanism of action Ongoing trials in relapsed/refractory aggressive and 
indolent B cell lymphomas (not in post auto-HCT setting)

CD-19 antibodies 
(MEDI-551)

IgG1k antibody-dependent cellular cytotoxicity enhanced anti-
CD19 mAb

Phase Ⅰ (NCT00983619)
Phase Ⅱ (with ICE/DHAP NCT01453205)
Phase Ⅱ (with PD-1 inhibitor NCT02271945) 

MPDL3280A Targets PD-L1 expressed on tumor cells and tumor-infiltrating 
immune cells

Phase Ⅰ (with Obinutuzumab NCT02220842)

Polatuzumab vedotin Antibody-drug conjugate that targets CD 79b on the B cell 
receptor complex

Phase Ⅱ (with Rituximab or Obinutuzumab and 
Bendamustine NCT02257567)

Obinutuzumab (GA101) Fully humanized IgG1 mAb that selectivity binds to the 
extracellular domain of the human CD20 antigen on malignant 
human B cells

Phase Ⅰb/Ⅱ (with lenalidomide NCT01582776)
Phase Ⅰb/Ⅱ (with lenalidomide NCT01995669)

Veltuzumab A fully humanized mAb directed against the CD20 antigen. Phase Ⅰ/Ⅱ (NCT01147393)

ABT-199 Oral selective small molecule inhibitor of the anti-apoptotic 
protein Bcl-2

Phase Ⅰ (NCT02055820)
Phase Ⅰ (with BR NCT01594229)
Phase Ⅱ (with BR vs BR alone NCT02187861)

Alisertib Oral selective small molecule inhibitor of the serine/threonine 
protein kinase Aurora A kinase

Phase  Ⅰ (with Romidepsin NCT01897012)
Phase Ⅰ (with Vorinostat NCT01567709) 
Phase Ⅰ (with Bortezomib and Rituximab NCT01695941) 
Phase Ⅱ (with +/- Rituximab NCT01812005)

SAR245409 Oral small molecule targeting the PI3K and mTOR kinases. Phase Ⅰ/Ⅱ (NCT01587040)
Belinostat  HDAC inhibitor Phase Ⅰ (with Carfilzomib NCT02142530) 

Phase Ⅱ (with Ibritumomab Tiuxetan NCT01686165)

Table 3  Future directions - drugs that are currently studied in relapsed/refractory aggressive and indolent B cell lymphomas that 
can potentially be studied in the post autologous hematopoietic cell transplantation setting

ICE: Ifosfamide, carboplatin and etoposide; DHAP: Dexamethasone, high dose cytarabine, cisplatin; PD-1: Programmed death-1; BR: Bendamustine, 
rituximab; mAb: Monoclonal antibody; PI3K: Phosphatidylinositol 3 kinase; mTOR: Mammalian target of rapamycin.
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ON THE HORIZON
Moving forward, to further improve outcomes for NHL 
patients undergoing auto-HCT, efforts need to be 
focused on evaluating novel consolidation or mainte
nance strategies, possibly with agents not used in 
induction chemoimmunotherapies. Table 3 summarizes 
the novel agents that are currently being studied in 
relapsed/refractory aggressive and indolent B cell NHL. 
Consolidation and/or maintenance with monoclonal 
antibodies [to cite a few - anti CD 79b (Polatuzumab 
Vedotin), anti CD19 (MEDI 551) and anti CD20 
(Obinutuzumab and Veltuzumab)], HDAC inhibitors 
(Belinostat), PDL-1 inhibitors (MPDL3280A), Bcl-2 
inhibitors (ABT-199), Aurora A kinase inhibitors (Alisertib) 
and mTOR/PI3K inhibitors (SAR245409) in the post 
auto-HCT setting seems to be a potential area of further 
investigation. 
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Abstract
The intraoperative management of split liver transp
lantation (SLT) has some unique features as compared 
to routine whole liver transplantations. Only the liver has 
this special ability to regenerate that confers benefits 
in survival and quality of life for two instead of one by 
splitting livers. Primary graft dysfunction may result 
from small for size syndrome. Graft weight to recipient 
body weight ratio is significant for both trisegmental 

and hemiliver grafts. Intraoperative surgical techniques 
aim to reduce portal hyperperfusion and decrease 
venous portal pressure. Ischemic preconditioning can be 
instituted to protect against ischemic reperfusion injury 
which impacts graft regeneration. Advancement of the 
technique of SLT is essential as use of split cadaveric 
grafts expands the donor pool and potentially has an 
excellent future.

Key words: Graft to recipient body weight ratio; Split 
liver transplantation; Small for size syndrome; Hemiliver 
grafts; Portal hyperperfusion

© The Author(s) 2015. Published by Baishideng Publishing 
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Core tip: The liver has a special ability to regenerate 
that confers benefits in survival and quality of life 
for two instead of one by splitting livers. Primary 
graft dysfunction may result from small for size synd
rome. Graft weight to recipient body weight ratio is 
significant for both trisegmental and hemiliver grafts. 
Intraoperative surgical techniques aim to reduce portal 
hyperperfusion and decrease venous portal pressure. 
Ischemic preconditioning can be instituted to protect 
against ischemic reperfusion injury which impacts graft 
regeneration. 

Dalal AR. Split liver transplantation: What’s unique? World J 
Transplant 2015; 5(3): 89-94  Available from: URL: http://www.
wjgnet.com/2220-3230/full/v5/i3/89.htm  DOI: http://dx.doi.
org/10.5500/wjt.v5.i3.89

INTRODUCTION
Liver parenchyma is able to regenerate. Additionally, 
the liver vasculature has lobar and segmental distribu­
tions. Thus, the liver is considered to be a double organ 
and offers benefits in survival and quality of life for 
two instead of one recipient, by means of dividing or 
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splitting a graft. 

SMALL-FOR-SIZE-SYNDROME
Primary graft dysfunction can result from the use of 
partial livers despite the absence of other causes such 
as vascular obstruction or sepsis. This increasingly 
recognized phenomenon is termed as “small-for-size-
syndrome (SFSS)”[1].

The graft exhibits signs of primary graft dysfunction 
within the first postoperative week. This dysfunction is in 
absence of other diagnosis such as vascular obstruction, 
biliary leak, sepsis and immune rejection. Coagulopathy, 
bilirubinemia and ascitis are typical manifestations of 
SFSS[2]. SFSS has been studied extensively in both, 
humans as well as animals. 

It has been suggested that portal hyperperfusion 
of the graft combined with poor venous outflow and 
reduced arterial flow might cause sinusoidal congestion 
and endothelial dysfunction, resulting in SFSS. Graft 
related factors such as graft to recipient body weight 
ratio < 0.8, impaired venous outflow, steatosis > 30% 
and prolonged warm/cold ischemia time are positively 
predictive of SFSS[1]. 

Another study states that the lower limit of the graft 
weight to recipient weight ratio can be safely reduced 
to 0.6% in adult-to-adult living donor liver transplant, if 
portal pressure control is used[3].

GRAFT ALLOCATION
Though a split liver maybe obtained from a standard 
criteria donor, splitting it creates two extended criteria 
grafts, thus increasing the risk of graft failure[4,5]. There 
are also ethical dilemmas associated with ownership 
and stewardship of the organs. Is it ethical for a patient 
to request for an entire organ rather than a split 
component[6]? There is increased risk of biliary complic
ations with a split liver, and a recipient may wish to thus 
decline it. Would it be considered coercion if the patient 
on the top of the waiting were told that if they declined 
to a splitting of the liver it would be given to the next on 
the list[6]? 

Other considerations include use of the unassigned 
part of the graft. As per the United Network for Organ 
Sharing allocation policy, the unassigned part has to 
be allocated according to the waiting list and cannot be 
used by the center performing split liver transplantation 
(SLT). If an incentive is created by allowing the unassi­
gned part of the liver to be retained by the organization, 
then the number of split livers in the United States will 
increase[7]. 

INTRAOPERATIVE FEATURES
The liver can be split in situ, on the back table or in the 
donor hospital before the donor cross-clamp. Notable 
advantages are a decrease the total ischemia time and 
increase in the possibility of inter-center sharing. It may 

take an additional 1-2 h to perform cholangiogram, hilar 
dissection and parenchymal division. Cholangiogram 
can be performed to assess surgical splitability[8]. 

Contrast enhanced computed tomography could be 
used to perform a virtual resection and volume analysis. 
Prior to an in situ split, one can determine the segmental 
volume and delineate surgical planes. The anatomy of 
the hepatic vasculature and biliary structures can be 
determined. The anticipated graft and remnant liver 
volumes post resection can be calculated. The severity 
of portal hypertension can be assessed using a triphasic 
computer tomographic scan[9]. Liver grafts are then 
perfused and preserved with Histidine-Tryptophan-
Ketoglutarate solution (Custodiol Solution; Essential 
Pharmaceuticals, Newtown, PA)[8]. 

Excellent results have been reported with split livers. 
These are a right tri-segmental graft that includes 
segments Ⅰ, Ⅳ, Ⅴ, Ⅵ Ⅶ, and Ⅶ; and a left graft 
consisting of the left lateral lobe including segments 
Ⅱ and Ⅲ. Pediatric recipients are usually transplanted 
with the left lateral lobe. The right tri-segmental graft is 
usually transplanted into an adult recipient[1]. 

The liver’s regeneration capacity is compromised by 
aging. Therefore acceptable donor age is usually less 
than 50 years[10]. However, the major challenge in the 
field of liver transplantation is organ shortage[11-14]. 

The split liver technique has been further expanded 
to use two hemiliver grafts: a left lobe and a right lobe, 
which effectively expands the donor pool. Unfortunately, 
however, many challenges have surfaced[7,15-17]. Some 
challenges and unfavorable outcomes have made many 
transplant centers reluctant to use hemiliver grafts[16,17]. 
Since the model for end-stage liver disease (MELD) 
allocation uses the sickest first policy, livers amenable to 
splitting are most often allocated to patients unsuitable 
for SLT. 

The middle hepatic vein (MHV) is considered “domi­
nant” in drainage of the hemiliver in 27% of cases[18]. 
A right hepatectomy without the MHV or reconstruction 
can induce congestion of the paramedian segments Ⅴ 
and Ⅷ, reducing functional capacity of the graft. When 
graft survival was analyzed, no significant difference was 
found with or without harvest of the MHV, as long as a 
vein interpositional graft was used for anastomosis[19,20]. 
The MHV primarily drains the right anterior lobe and 
segment Ⅳ. On the other hand, a meta-analysis dis­
covered that there was better functional recovery of 
patients who received the right lobes with MHV[21].

It maybe beneficial to maintain a low central venous 
pressure (CVP) to minimize graft hyperperfusion. 
Additionally, low CVP decreases backflow bleeding 
from the hepatic veins and decrease bleeding during 
parenchymal transection[22]. An analysis stated that 
patients with a CVP < 5 cm H2O had a median blood loss 
of 200 mL, whereas those with CVP > 5 cm H2O had a 
median blood loss of 1000 mL[23]. Low CVP facilitates 
safe dissection of the retro-hepatic vena cava and major 
hepatic veins and produces decreased postoperative 
morbidity and reduction of hospital stay[24]. The potential 
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disadvantages of low CVP anesthesia are chances of 
perioperative embolism, need for pressor agents and 
postoperative renal dysfunction. 

The partial clamp inserted in the piggyback method 
allows some venous return, thereby preventing an 
acute reduction in the preload during inferior vena cava 
cross clamping. When the patient is unable to tolerate 
the test cross clamp, it may be prudent to consider 
venovenous bypass. Presently, in the United States, 
temporary portocaval shunt is routine practice in 29% 
of programs, and a low CVP technique is practiced in 
54% of centers[25].

The liver weight can be estimated as 2% of donor’s body 
weight, divided into approximate weights of 35% for 
the left lobe and 65% for the right lobe[8]. It is important 
to note that since small-for-size grafts require vigorous 
and immediate hepatocyte proliferation, regeneration is 
critically required for the success of SLT. In rats, remnant 
liver of 10% maybe enough. However, in humans, more 
volume is required for transplantation[26]. Though at 
three months after partial liver transplantation (50%, 
60% size) liver volume slightly exceeds 100% of the 
standard liver volume in recipients. The graft increase 
ratio is higher in 50% partial liver transplantation as 
compared to 30% partial LT[27].

The liver receives approximately 25% of the cardiac 
output, of which 75% is supplied by the portal vein and 
the other 25% by the hepatic artery. Hepatic blood flow 
is reduced by all anesthetic agents and techniques via 
reductions in hepatic blood flow and hepatic oxygen 
uptake[28]. 

Intraoperative factors that decrease hepatic blood 
flow are mechanical ventilation, hypercarbia, positive 
end expiratory pressure, hypotension, hemorrhage, 
hypoxemia and surgery. If the decrease in hepatic 
blood flow is significant, it can result in parenchymal 
centrilobular necrosis[28]. Etomidate, ketamine and 
propofol are induction agents. Etomidate decreases 
hepatic blood flow[29]. Ketamine has little impact on 
hepatic blood flow. Propofol has a vasodilator effect, 
ultimately increasing total hepatic blood flow[30,31]. 
Midazolam has a longer half-life, a reduced clearance, 
reduced protein binding, a longer duration of action and 
an enhanced sedative effect. Dexmedetomidine, an 
alpha-2 adrenergic agonist, with sedative and analgesic 
properties, is primarily metabolized in the liver[32]. All 
volatile anesthetics decrease the mean arterial pressure 
and portal blood flow. Desflurane and sevoflurane have 
very little or no effect on total hepatic blood flow[33].

The elimination half-life of morphine is prolonged 
in cirrhosis. The sedative and respiratory depressant 
effects are exaggerated. Fentanyl has a short duration 
of action and its elimination is not appreciably altered 
in patients with cirrhosis[34]. However, unlike fentanyl, 
plasma clearance and elimination of alfentanil is incr­
eased in patients with cirrhosis[35]. Remifentanil is a 
short acting synthetic opioid that is hydrolyzed by blood 
and tissue esterases. Its pharmacokinetics is unaltered 

in patients with severe liver disease[36]. 
Vecuronium and rocuronium are steroidal muscle 

relaxants that are metabolized by the liver. In cirrhotic 
patients, they have decreased clearance, prolonged half-
lives, and prolonged neuromuscular blockade. In living 
donor liver transplantation, requirements of vecuronium 
were least in the neohepatic phase[37]. Sugammadex 
can reverse rocuronium rapidly[38]. Cisatracurium under
goes ester hydrolysis and cisatracurium infusions during 
liver transplantation require increased dosages and 
result in prolonged recovery[39].

Ischemic preconditioning protects against ischemic 
reperfusion injury (IRI) in liver transplantation. Lower 
aspartate aminotransferase levels and significant reduc
tion of moderate-severe hepatocyte swelling is seen[40]. 
In rat liver, morphine preconditioning protects against 
IRI. This involves opioid receptors, phosphatidylinositol-
3-kinase, and Akt[41]. IP protected against hepatic IRI 
under isoflurane anesthesia in rats. The mechanism of 
protection appeared to involve upregulation of Bcl-2 
expression resulting in inhibited apoptosis[42]. Human 
studies have revealed that patients preconditioned 
with sevoflurane experienced a reduction in peak tran
saminase levels, an improvement in clinical outcomes, 
and enhanced benefit in those with steatotic livers. 
Inducible nitric oxide synthase mRNA was significantly 
increased in the preconditioned group suggesting a role 
for nitric oxide[43].

Unfortunately, ischemic preconditioning significantly 
enhances the extent of split liver graft injury and hinders 
hepatic regeneration in SFS liver transplant models[44]. 
Interestingly, rather than IRI, a shift in regeneration 
ability is more likely to cause liver graft dysfunction and 
failure following small-for-size transplantation. 

Portal hyperperfusion has been cited as one of 
the causes for SFSS. Thus the most important step is 
prevention of SSFS through perioperative treatment 
strategies include reduction of portal blood flow[45]. 
Lowering the graft perfusion pressure is vital. Hepatic 
venous congestion due to insufficient vascular orifices or 
mechanical stenosis and kinking should be prevented[45]. 

Surgical approaches to prevent SFSS fall into two 
categories. The first targets portal hyperperfusion by 
reducing inflow to the graft, including splenic artery 
modulation and portacaval shunts. The second aims to 
relieve parenchymal congestion[1]. Adenosine washout 
maintains the hepatic arterial buffer response (HABR) 
that maintains constant total blood flow to the liver. 
Portal blood flow removes adenosine that has a local 
vasodilator effect on the arterial system[46,47]. However, 
an exaggerated HABR may contribute to ischemic injury 
in states of portal hyperfusion, as seen in small for size 
grafts[48,49]. Prophylactic splenic artery modulation[50,51] 
produced a significant reduction in portal flow causing a 
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with persistent elevation of portal venous pressure[52]. 
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tutions to decrease portal pressures and flow prior to 
the anhepatic phase[53].

CONCLUSION
The following factors such as changes in recipient and 
donor selection and matching, changes in allocation 
and logistics, and improved technical proficiency have 
influenced outcomes. The risk of graft failure is now 
similar between split and whole-liver recipients[54]. 

There are several challenges, and routine application 
of the hemiliver technique is still controversial, but can 
achieve excellent outcomes under the model for end-
stage liver disease allocation[8]. The 5-year graft survival 
for hemilivers is comparable to whole livers[8]. Split liver 
transplantation, which is based on this unique ability of 
the liver to regenerate, is an excellent idea to increase 
the donor grafts. Through the expansion of split-liver 
transplantation, the transplant community might be 
able to both increase the organ pool and bridge the liver 
demand-supply gap.
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Abstract
The percentage of overweight and obese patients (OPs) 
waiting for a liver transplant continues to increase. Despite 
the significant advances occurred in bariatric medicine, 
obesity is still considered a relative contraindication to 

liver transplantation (LT). The main aim of this review 
is to appraise the literature on the outcomes of OPs 
undergoing LT, treatments that might reduce their weight 
before, during or after surgery, and discuss some of 
the controversies and limitations of the current knowle
dge with the intent of highlighting areas where future 
research is needed.

Key words: Liver transplantation; Bariatric surgery; 
Obesity; End-stage liver disease; Weight-loss; Access to 
transplantation

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The prevalence of obesity in the general popu
lation has doubled and the number of obese patients 
(OPs) affected by end-stage liver disease has increased 
with the same pace. There is conflicting data on the 
outcomes of OPs undergoing liver transplantation (LT) 
and the main aim of this review is to appraise the liter
ature on the outcomes of OPs undergoing LT, treatments 
that might reduce their weight before, during or after 
surgery, and discuss some of the controversies and 
limitations of the current knowledge with the intent of 
highlighting areas where future research is needed.

Ayloo S, Armstrong J, Hurton S, Molinari M. Obesity and liver 
transplantation. World J Transplant 2015; 5(3): 95-101  Available 
from: URL: http://www.wjgnet.com/2220-3230/full/v5/i3/95.htm  
DOI: http://dx.doi.org/10.5500/wjt.v5.i3.95

INTRODUCTION
The incidence and prevalence of obesity, non-alcoholic 
fatty liver disease (NAFLD) and non-alcoholic steato
hepatitis (NASH) have increased worldwide. In 2010, 
35.7% of the adults living in the United States were 
affected by obesity and the estimated prevalence of 
NAFLD and NASH were 30% and 12% respectively[1,2]. 
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In the last decade, the indication for liver transplantation 
(LT) for NASH has risen from 1.2% to 9.7%, and is 
currently the third most common cause of liver failure 
and might become the leading indication for LT by 
2025[3]. 

Since the percentage of obese patients (OPs) with 
end-stage-liver-disease (ESLD) continues to rise, fami
liarity with the evolving field of bariatric medicine is 
necessary for transplant specialists. The main objectives 
of this paper is to review the most recent literature on 
the treatment options, to discuss some of the impli
cations that obesity has for LT recipients, and finally, to 
explore current controversies and possible directions for 
future research. 

DEFINITION OF OBESITY
Obesity is defined by the World Health Organization[4] 
as the presence of excessive body fat that poses health 
risks, and body mass index (BMI) is the most common 
metric used by normalizing a person’s weight to her/his 
height. Individuals with a BMI equal or greater than 
30 kg/m2 are defined as obese and individuals with a 
BMI equal or greater than 40 kg/m2 are categorized as 
morbidly obese.

NON-SURGICAL THERAPIES IN 
CIRRHOTIC PATIENTS
Dieting, physical activity, behavioral therapy, and ph
armacotherapy are acceptable but poorly effective 
options for the treatment of obesity. The Food and Drug 
Administration has approved orlistat, lorcaserin, and 
phentermine-topiramate for weight loss but not for 
cirrhotic patients[5]. Orlistat (Xenical®) acts by blocking 
gastric and pancreatic lipases and inhibits triglycerides 
absorption. Locaserin HCl (Belviq®) suppresses the 
appetite and promotes satiety by acting as an agonist 
for serotonin receptors in the hypothalamus. Finally, 
phentermine-topiramate (Qsymia®) decreases appetite 
by a catecholamine effect in the central nervous system[6]. 

Medically supervised weight-loss (MSWL) has a low 
success rate[6-9] as patients fail to maintain their desired 
weight[10]. Additionally, possible interactions between 
immunosuppressive medications and drugs used to 
reduce BMI are unknown[11] and further research is 
needed before weight-loss medications can be recom
mended either before or after LT. 

BARIATRIC SURGERY
In recent years, the introduction of minimally invasive 
techniques has considerably reduced the perioperative 
morbidity and mortality of patients undergoing bariatric 
surgery (BS)[12]. The Metabolic and BS Accreditation and 
Quality Improvement Program have created national 
standards for bariatric programs similarly to what UNOS 
has done for transplant centers[13] with the subsequent 

fall of perioperative mortality to 1%[14]. Because of its 
safety and long-term effectiveness, BS has become the 
most frequent therapy for non-cirrhotic OPs[15].

BS can be categorized into three main classes: 
restrictive, mostly restrictive and malabsorptive (Figure 
1). Although most of the BS have overlapping effects, 
restrictive surgeries primarily work by reducing the 
gastric capacity while malabsorptive surgeries prevent 
absorption of nutrients. 

Among all the BS procedures, adjustable gastric 
banding (AGB) (Figure 1A) is the least invasive and it 
is purely restrictive. An adjustable band is positioned 
at the upper portion of the stomach and connected to 
a subcutaneous port that allows health care providers 
to inflate (or deflate) the band with the final goal of 
reducing the gastric capacity and patients’ appetite. 

Sleeve gastrectomy (SG), is a restrictive procedure 
that involves the removal of the majority (60%-70%) 
of the greater curvature of the stomach, leaving only a 
sleeve of functioning stomach (Figure 1B). This proce
dure reduces the gastric volume and the level of ghrelin 
secreted by the stomach with subsequent decrease 
of patients’ sensation of hunger. Roux-en-Y gastric 
bypass (RYGB), a mostly restrictive procedure creates 
a small gastric pouch (approximately 5% of the original 
gastric volume) and re-routes 100-150 cm of proximal 
intestine (Figure 1C). Duodenal switch (DS), also known 
as biliopancreatic diversion, combines malabsortive 
and restrictive effects as a partial gastrectomy and 
extensive re-routing of the small intestine are performed 
simultaneously (Figure 1D). The common intestinal 
channel where food can be absorbed is reduced to 
only 75-150 cm and is currently performed in selected 
groups of morbidly OPs accounting for only 1% of all BS 
performed annually in the United States. 

BENEFITS OF BS
Pontiroli et al[16] performed a systematic review and 
meta-analysis of eight trials involving 44022 OPs and 
found that BS reduced their risk of death due to meta
bolic syndrome (MS) (OR = 0.55; P < 0.05). Similar 
results were reported by Johnson et al[17]. Schauer 
et al[18] analyzed 150 patients randomized to BS vs 
best medical therapy for the treatment of type Ⅱ 
diabetes (T2DM). At 12-mo, the glycemic control was 
significantly better in patients who underwent BS. After 
3-years, the target HbA1c level was achieved in 5% of 
the medical group vs 38% in patients who underwent 
RYGB and 24% in the SG group. A systematic review 
and meta-analysis of 6587 patients[19], found that for 
every five-point drop in BMI, the risk reductions for 
T2DM, hypertension, and dyslipidemia were 33%, 27%, 
and 20%, respectively. Similar results were reported in 
another systematic review of 22092 patients[20] where 
BS was associated with improvement or complete 
resolution of T2DM (86% of patients), dyslipidemia 
(70%), hypertension (78%), and obstructive sleep 
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apnea (86%). 

OPS WAITING FOR LT: SHOULD THEY 
UNDERGO BARIATRIC TREATMENT?
Theoretically, OPs with ESLD should benefit from 
losing weight as it reduces their risk for cardiovascular 
diseases, T2DM, dyslipidemia, obstructive sleep apnea 
etc. Additionally, OPs on the list for LT might improve 
their chance of being transplanted as a recent analysis 
of the United Network for Organ Sharing (UNOS) data[21] 
has shown that their likelihood of being transplanted 
was lower in comparison to normal weight individuals. 
One of the possible explanations is that transplant 

programs might decline surgery to obese candidates as 
they are at higher risk for perioperative complications[22] 
and have lower survival rates in comparison to normal 
weight patients[3,23]. Although there are some legitimate 
concerns, declining LT to OPs goes against the principle 
of fairness, as OPs who undergo LT have a significant 
survival advantage in comparison to OPs who remain 
on the waiting list and are not transplanted[24].

OUTCOMES OF OPS UNDERGOING LT 
LaMattina et al[25] analyzed the perioperative morbidity of 
813 LT patients between 1997 and 2008, and found that 
OPs had prolonged mean operative time (class Ⅰ obesity: 
7.7 h, P = 0.009; class Ⅱ obesity: 7.9 h, P = 0.008; 
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Figure 1  Types of bariatric procedures. A: Adjustable gastric banding; B: Sleeve gastrectomy; C: Roux-en-Y gastric bypass; D: Duodenal switch.
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THE PROS AND CONS OF DIFFERENT 
BARIATRIC SURGERIES 
AGB is a relatively simple procedure that does not 
require the rerouting of the gastrointestinal tract and 
maintains the endoluminal access to the biliary system 
for endoscopic treatment of biliary complications that 
can occur after LT. AGB has no risks of anastomotic dehis
cence and it is reversible (Table 1). The main drawback 
of AGB is the presence of a foreign body that could 
become infected and cause long-term complications 
from slippage, prolapse, port-site infection and erosion 
into the stomach with potential serious consequences in 
immunocompromised patients. Other potential issues 
with AGB are that the band is positioned near the gastro-
esophageal junction where varices from chronic portal 
hypertension develop, and the band could prevent access 
to the supraceliac aorta for arterial reconstructions during 
LT if necessary. 

RYGB and DS are more effective than AGB, but have 
significantly higher perioperative risks of anastomotic 
leaks, obstructions, marginal ulcers, malabsorption of 
immunosuppression medications, loss of endoscopic 
access to the biliary system and are contraindicated for 
patients who need a Roux-limb for their biliary recon
struction. 

In recent years, SG has been viewed as a good 
compromise as it has lower perioperative risks in com
parison to RYGB or DS[29], maintains direct access to 
the biliary system, it is unlikely to cause malabsorption 
of immunosuppression medications[30] and provides a 
gradual and sustained weight-loss[9,31,32]. 

TIMING FOR BS
Before transplant
The rationale for performing BS prior to LT would be 
to optimize patients’ medical condition before surgery 
or to bring patients’ BMI within the range considered 
acceptable by some transplant centers. 

However, BS performed before LT might delay trans
plant surgery due to the time necessary to achieve the 
desired BMI or to the development of perioperative 
complications. Another drawback of BS before LT is 
that recipients undergo two separate operations and 
two hospitalizations with associated increased financial 
costs, stress, and pain.

Although no randomized controlled trials have ever 
been conducted to test whether BS is beneficial for OP 
requiring LT, case reports and observational studies 
have described the feasibility of BS either pre-, during 
or post-LT. Lin et al[33] published a retrospective review 
of all SG performed in liver (20 patients) and kidney 
transplant candidates (6 patients) between 2006 and 
2012. The mean excess weight-loss (EWL) at 1, 3, and 
12 mo was 17%, 26%, and 50% respectively without 
any perioperative death. Six cases (16%) experienced 
postoperative complications, including superficial 
wound infections, staple line leak, bleeding requiring 

class Ⅲ obesity: 8.2 h, P = 0.003 vs normal weight: 
7.2 h), ICU stay (Class Ⅱ obesity: 4.1 d vs 2.6 d; P = 
0.04), increased need for transfusions (class Ⅰ obesity: 
15 units, P = 0.005; class Ⅱ obesity: 16 units, P = 
0.005; class Ⅲ obesity: 15 units, P = 0.08 vs normal 
weight: 11 units), higher incidence of infections (HR 7.21, 
CI: 1.6-32.4, P = 0.01), biliary complications requiring 
intervention (Class Ⅱ obesity: HR 2.04, CI: 1.27-3.3, P 
= 0.003) and, more importantly, decreased patient (Class 
Ⅱ obesity: HR 1.82, CI: 1.09-3.01, P = 0.02) and graft 
survivals (Class Ⅱ obesity: HR 1.62, CI: 1.02-2.65, P = 
0.04). In another study of 73538 LT recipients the overall 
survival was significantly lower in BMI less than 18.5 and 
higher than 40, compared to a control group[26]. Death 
in underweight patients was due to hemorrhagic (P < 
0.002) and cerebrovascular (P < 0.04) complications, 
while infectious complications and cancer were the most 
common causes of demise in severely obese group (P = 
0.02)[26]. Nair et al[22] analyzed the UNOS database on 
18172 LT patients transplanted between 1988 and 1996 
and found that primary graft dysfunction, perioperative 
mortality at 1, 2, and 5-years were significantly higher in 
the morbidly obese group due to cardiovascular adverse 
events. Similar outcomes were reported in 1325 obese 
LT recipients[27] from the United Kingdom where they 
had increased morbidity due to infectious complications, 
longer ICU and hospital stay in comparison to normal 
weight patients.

However, other studies suggested that higher BMI 
should not be considered an absolute contraindication 
to LT[24,28]. In 230 LT patients stratified into a lean group 
(BMI 20-26 kg/m2) and an obese group (BMI > 38 
kg/m2), no significant differences were found except 
that at 3-year follow-up, the obese group had a higher 
risk of developing MS (46% in obese vs 21% in lean 
patients, OR 4.76; CI: 1.66-13.7, P < 0.001). Similar 
results were noted in a retrospective study of 25647 LT 
waitlist patients. In comparison to being on waitlist, all 
subgroups of BMI had survival advantage (P < 0.0001) 
with LT. Similar outcomes were noted by Conzen et al[23] 
in a single-center study of 785 patients. Three-year 
patient and graft survival were similar in all groups of 
BMI, while 5-year patient (51.3% vs 78.8%; P < 0.01) 
and graft (49% vs 75.8%; P < 0.02) survival were 
significantly reduced in morbidly obese vs non-OPs.

POSSIBLE ADVANTAGES OF BS FOR 
OPS REQUIRING A LIVER TRANSPLANT 
The potential benefits of BS for patients in need of 
a LT have never been studied by randomized trials. 
Theoretically, weight-loss interventions would reduce 
their risk of suboptimal outcomes and may prevent the 
development of MS and recurrent NASH after LT. On the 
other hand, perioperative morbidity and mortality risks 
might be too high to justify any surgery to reduce their 
BMI. 
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transfusion, transient encephalopathy and renal in
sufficiency. All these patients became transplantable 
candidates by meeting institutional BMI requirements at 
12 mo and the authors concluded that SG is relatively 
safe and effective.

Similar conclusions were drawn by Takata et al[34] 
who evaluated the effect of BS in end-stage liver, 
kidney, and lung disease in 15 OPs who were considered 
unsuitable for transplantation. Mean EWL at or after 9 
mo was 61%, 33%, and 61% respectively. Obesity-
associated comorbidities improved in all patients and, 
except for two individuals (13%) who suffered from 
perioperative complications, no deaths occurred after 
surgery. More importantly, 93% of patients became 
transplant candidates by meeting the institutional 
requirements on BMI. These authors concluded that 
laparoscopic RYGB and SG is safe and improves the 
candidacy for transplantation. With gain in experience in 
cadaveric LT and BS, feasibility is being evaluated also 
in living donor LT. Taneja et al[35] published a successful 
outcome of SG in a patient with BMI of 55.6 and NASH 
undergoing living donor LT.

After transplant
The main rationale for performing BS after LT would be 
to prevent the recurrence of MS and NASH and improve 
survival by reducing obesity related comorbidities[36]. 
In a recent publication, Duchini et al[37] described two 
patients who were successfully treated by RYGB for 
severe graft dysfunction due to recurrent NASH. 

However, BS after LT comes with the risk of dealing 
with severe adhesions, wound complications and anas
tomotic or staple lines dehiscences due to the use of 
steroids and/or m-TOR inhibitors. Despite these potential 
drawbacks, Lin et al[38] published a pilot study on the 

safety and feasibility of SG in nine obese LT recipients 
with the intent of improving steroid-induced diabetes, 
steatohepatitis, and MS. Postoperative complications 
occurred in three patients (33%) who developed mesh 
infection in a concurrent ventral hernia repair, bile leak 
requiring drainage and one patient who underwent reo
peration for dysphagia. At 6 mo, 55% EWL was achieved 
without graft rejection and the authors concluded 
that SG does not adversely affect LT function. On the 
other hand, some technical challenges associated with 
BS after LT were reported by Tichansky et al[39] who 
described major adhesions with complete obliteration of 
the gastrohepatic space during a successful laparoscopic 
RYGB after LT for a patient with a BMI of 54 kg/m2. 

During LT
Combining BS and LT could theoretically minimize 
delays, hospital stay and reduce patients’ overall pain 
as the same incision can be used for both operations. 
However, one of the biggest trade-offs is that the 
operation for LT will take longer and that patients might 
suffer from more severe complications due to the 
increased complexity of the procedure. 

Campsen et al[40] performed a successful simul
taneous LT and AGB and reported that at 6 mo, patients’ 
BMI went from 42 kg/m2 to 34 kg/m2 with 45% EWL and 
resolution of T2DM, hypertension and osteoarthritis. In 
2013, Heimbach et al[41] published their experience of BS 
in OPs (BMI ≥ 35) undergoing LT. OPs with a BMI ≥ 35 
were divided into two groups. Patients who successfully 
completed MSWL underwent LT (n = 37) alone. Seven 
patients who failed MSWL underwent simultaneous LT 
and SG (n = 7). In patients who underwent LT alone, 
weight-regain (BMI > 35) was noted in 21 of 34 patients 
(61%), post-transplant diabetes in 12 patients (35%), 
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Procedure Category Description (%) Excess 
weight loss

Pros Cons

Adjustable gastric 
banding 

Restrictive Silicone band 
placed at the upper 

portion of the 
stomach

40-50 Minimally invasive, 
adjustable, reversible, 

removable, access to biliary 
tree is maintained

Foreign body placement, relatively longer duration 
for weight-loss, long-term potential complications of 
band erosion, pouchitis, pouch enlargement, gastric 

prolapse, slippage and flipped port, tubing breakage, 
malfunction of the device, port site infections

Sleeve 
gastrectomy

Restrictive Removal of greater 
part of greater 

curvature of the 
stomach

50-60 Maintains gastric function 
with direct access to biliary 
tree, has better tolerance of 

oral/medications intake and 
absorption

Long staple-line on the stomach with a potential for 
bleeding and gastroinstestinal leak

Roux-en-Y gastric 
bypass

Mostly 
restrictive

Creation of 
gastric pouch 

and rerouting of 
intestine

70 Combined restrictive and 
malabsorptive procedure, 

resolution of comorbidities 
is relatively quicker with 

higher proportion of weight-
loss

Relatively higher significant perioperative 
complications, intolerance to oral consumption, and 

absorption of medications, loss of direct access to 
biliary tree and remnant stomach, can lead to excessive 

weight-loss, higher likelihood of malnourishmentDuodenal switch Malabsorptive Subtotal 
gastrectomy with a 
very short common 

channel

80

Percentage of excess weight loss = [(preoperative weight - weight at follow-up)/(preoperative weight - ideal body weight)] × 100.

Table 1  Summary of advantages and disadvantages of different categories of bariatric surgeries in the context of liver 
transplantation
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steatosis in 7 (20%), graft losses and deaths in 3 (8%). 
In the group of patients who underwent simultaneous 
LT and SG (n = 7), all maintained their weight-loss, 
one had a gastrointestinal leak from the staple-line 
(14%) and one had excessive weight-loss. Although the 
majority of patients who did not undergo BS achieved 
some weight-loss with a non-surgical approach, most 
regained weight within a mean follow-up of 33 mo. On 
the other hand, patients treated with combination of SG 
and LT achieved effective and sustained weight-loss and 
fewer metabolic complications over a mean follow-up of 
17 mo.

CONCLUSION
The obesity epidemic is having a significant impact on 
the field of transplantation as two-thirds of the adult 
population in the United States is overweight. Although 
OPs undergoing LT might experience short and long 
term-outcomes inferior to patients with normal BMI, 
their survival with LT is superior to best supportive 
care. Therefore, their exclusion from LT would violate 
the idea of fairness and should be challenged. Since 
medical therapies are relatively ineffective, BS might 
play a more distinct role in the future of transplantation 
but there are no well-designed studies on the role of BS 
in this population. Currently, only low quality evidence 
(Level 4 and 3b)[42] has shown that BS can be done 
either prior, during or after LT. However, the number of 
publications is small, and except for a few case-series, 
there are no studies that have systematically compared 
OPs treated with MSWL vs BS vs no treatment. Simil
arly, there is lack of data on the best timing of BS (prior 
to LT, during or after LT) or which type of BS (AGB vs 
RYGB vs SG vs DS) should be performed. 

In summary, the number of OPs requiring LT is 
rising. To maximize short and long-term outcomes 
of OPs undergoing LT, prospective studies should be 
designed to identify if there are benefits from weight-
loss treatments and if so, what interventions should be 
used and when they should be instituted.
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Abstract
AIM: To evaluate whether there is a threshold sensiti
zation level beyond which benefits of chronic steroid 
maintenance (CSM) emerge. 

METHODS: Using Organ Procurement and Transplant 
Network/United Network of Organ Sharing database, 
we compared the adjusted graft and patient survivals 
for CSM vs  early steroid withdrawal (ESW) among 
patients who underwent deceased-donor kidney (DDK) 
transplantation from 2000 to 2008 who were stratified 
by peak-panel reactive antibody (peak-PRA) titers 
(0%-30%, 31%-60% and > 60%). All patients received 
perioperative induction therapy and maintenance 
immunosuppression based on calcineurin inhibitor (CNI) 
and mycophenolate mofetil (MMF).

RESULTS: The study included 42851 patients. In the 
0%-30% peak-PRA class, adjusted over-all graft-failure 
(HR 1.11, 95%CI: 1.03-1.20, P  = 0.009) and patient-
death (HR 1.29, 95%CI: 1.16-1.43, P  < 0.001) risks 
were higher and death-censored graft-failure risk (HR 
1.06, 95%CI: 0.98-1.14, P  = 0.16) similar for CSM 
(n  = 25218) vs  ESW (n  = 7399). Over-all (HR 1.04, 
95%CI: 0.85-1.28, P = 0.70) and death-censored (HR 
0.97, 95%CI: 0.78-1.21, P  = 0.81) graft-failure risks 
were similar and patient-death risk (HR 1.39, 95%CI: 
1.03-1.87, P = 0.03) higher for CSM (n  = 3495) vs  ESW 
(n  = 850) groups for 31%-60% peak-PRA class. In the 
> 60% peak-PRA class, adjusted overall graft-failure 
(HR 0.90, 95%CI: 0.76-1.08, P  = 0.25) and patient-
death (HR 0.92, 95%CI: 0.71-1.17, P = 0.47) risks were 
similar and death-censored graft-failure risk lower (HR 
0.84, 95%CI: 0.71-0.99, P = 0.04) for CSM (n  = 4966) 
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vs  ESW (n = 923).

CONCLUSION: In DDK transplant recipients who under
went perioperative induction and CNI/MMF maintenance, 
CSM appears to be associated with increased risk for 
death with functioning graft in minimally-sensitized 
patients and improved death-censored graft survival in 
highly-sensitized patients.

Key words: Sensitization; Kidney transplantation; Graft 
survival; Steroid withdrawal; Older kidney transplant 
recipients

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This study critically evaluated the role of 
steroid maintenance in kidney transplant recipients 
(KTR) based on the level of sensitization by utilizing 
the Organ Procurement and Transplant Network/United 
Network of Organ Sharing database. In the multivariate 
model, we found an association between increased 
risk for death with functioning graft and steroid 
maintenance in KTRs who had peak-panel reactive 
antibody < 30% and received perioperative induction 
therapy followed by calcineurin inhibitor/mycophenolate 
mofetil maintenance. On the other hand, steroid 
maintenance was associated with improved death-
censored graft survival without adversely impacting 
patient survival in KTRs with a peak PRA > 60%. No 
benefits of steroid maintenance were observed in older 
KTRs regardless of level of sensitization. These finding 
have clinical relevance and should be further evaluated 
in randomized clinical trials.

Sureshkumar KK, Marcus RJ, Chopra B. Role of steroid 
maintenance in sensitized kidney transplant recipients. World J 
Transplant 2015; 5(3): 102-109  Available from: URL: http://
www.wjgnet.com/2220-3230/full/v5/i3/102.htm  DOI: http://
dx.doi.org/10.5500/wjt.v5.i3.102

INTRODUCTION
Historically, corticosteroid has enjoyed a pivotal role in 
maintenance immunosuppression in kidney transplant 
recipients (KTRs). Chronic steroid therapy can worsen 
hypertension and dyslipidemia, as well as contribute 
to the development of new onset diabetes mellitus, all 
risk factors for cardiovascular disease. Steroid therapy 
makes patients prone to infections and accelerated bone 
loss. Routine use of induction therapy along with the 
availability of more potent immunosuppressive agents 
such as tacrolimus and mycophenolate mofetil (MMF) 
has enabled transplant professionals to utilize early 
steroid withdrawal (ESW) in KTRs. The concern with 
ESW includes increased risk of acute rejection which 
might adversely impact graft outcomes. Current data 
suggest that corticosteroids could be discontinued safely 

during the first week after transplantation in patients 
who are at low immunological risk and receive induction 
therapy[1]. Studies of ESW have shown outcomes com­
parable to steroid maintenance regimens[2-11]. A recent 
registry analysis showed that the percentage of KTRs 
discharged from the initial transplant admission on a 
steroid-free maintenance immunosuppression increased 
from 3.7% in the year 2000 to 32.5% as of 2006[12]. 

Patients who develop anti-human leukocyte antigen 
(anti-HLA) antibodies due to factors such as prior 
pregnancy, blood transfusion or previous transplant 
rejection are generally considered immunologically high 
risk and many transplant centers keep these sensitized 
patients on a steroid maintenance immunosuppressive 
protocol in the hopes of reducing the risk for acute 
rejection. It is not clear whether there is a threshold 
level of sensitization at which the beneficial effects of 
steroid maintenance begin to emerge in such patients. 
We aimed to compare the outcomes for steroid vs no 
steroid addition to a calcineurine inhibitor (CNI)/MMF 
based regimen in patients who underwent deceased 
donor kidney (DDK) transplantation after receiving peri-
operativevinduction therapy and stratified by the level 
of peak panel reactive antibody (peak-PRA) titer.

MATERIALS AND METHODS
The study protocol was approved by the Institutional 
Review Board and was performed in accordance with 
the ethical standards laid down by the Declaration of 
Helsinki as well as Declaration of Istanbul. Using Organ 
Procurement and Transplant Network (OPTN)/United 
Network of Organ Sharing database, we identified 
patients ≥ 18 years who underwent a DDK transp­
lantation between January 1, 2000 and December 31, 
2008 after receiving antibody induction therapy with 
rabbit- antithymocyte globulin (r-ATG), alemtuzumab 
or an interleukine-2 receptor blocker agent (IL-2R, 
basiliximab or daclizumab) and discharged on a CNI/
MMF based maintenance immunosuppression regimen 
with or without steroids. Prednisone is generally the 
steroid used for maintenance therapy. Patients were 
divided into three groups based on the reported peak-
PRA: 0%-30%, 31%-60% and > 60%. Under each 
peak-PRA category, patients were further divided into 
two groups: Those who underwent ESW before the 
hospital discharge (ESW group) and those who were 
discharged on steroid maintenance. The latter group 
was designated as chronic steroid maintenance (CSM) 
group. This was an intention-to-treat analysis using the 
maintenance immunosuppression regimen at the time of 
discharge from the initial transplant hospitalization as the 
basis for defining the groups. Changes in maintenance 
immunosuppression that occurred after initial discharge 
were not used to classify study subjects. We did not 
include patients who received live donor kidneys, multi-
organ transplants, no induction, more than one induction, 
induction therapy with a different agent or maintenance 
other than CNI/MMF based regimen in the analysis.  
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Demographic variables for the different induction 
groups were collected. Graft was considered failed when 
one of the following occurred: need for maintenance 
dialysis, re-transplantation or patient death. Over all 
and death-censored graft as well as patient survivals 
were compared between ESW and CSM groups for 
each peak-PRA group after adjusting for pre-specified 
variables. We decided to use an adjusted model 
in the analysis due to substantial variations in the 
demographic features for ESW vs CSM in each peak-
PRA category. The co-variates known to have adverse 
impact on the graft outcome and included in the model 
were donor related factors: age, gender, expanded 
criteria donor kidney, donation after cardiac death 
kidney, death from cerebrovascular accident; recipient 
related factors: age, African American race, diabetes 
mellitus, dialysis duration, number of HLA mismatches; 
and transplant related factors: cold ischemia time, 
induction type, delayed graft function (DGF, defined 
as the need for dialysis within the first week after 
transplantation), previous transplant, 12 mo acute 
rejection, and transplant year. Most of the patients were 
discharged on tacrolimus as the CNI agent; hence we 
did not include the type of CNI agent in the model. 
Since older KTRs could be more prone to the risks of 
enhanced immunosuppression, a further analysis was 
done comparing adjusted overall and death-censored 
graft failure risks as well as patient death risk between 
CSM and ESW groups in the subgroup of patient ≥ 60 
years of age stratified by the peak-PRA class.

Statistical analysis 
Comparisons among groups were made using 2-tailed 
t-test for continuous variables and chi square test for 
categorical variables. Values were expressed as mean 
± SD, median with range or percentage. When there 
were missing data for different variables/risk factors 
in the registry, we assumed absence of the risk factor 

for the purpose of analysis. Less than 2% of the data 
were missing for different variables used in the analysis 
except for treated acute rejection where 20%-25% 
of data were missing. Adjusted (multivariate, after 
correcting for the confounding variables listed above) 
over all and death-censored graft as well as patient 
survivals were calculated and were compared between 
CSM vs ESW groups within each peak-PRA category 
using a Cox regression model. A further analysis 
comparing adjusted overall and death-censored graft 
failure as well as patient death risks in CSM vs ESW was 
performed in the subgroup of patients ≥ 60 years of 
age stratified by the peak-PRA class. Hazard ratio (HR 
and 95%CI) were calculated. A P value of < 0.05 was 
considered statistically significant. Statistical analysis 
was performed using SPSS software version 14.

RESULTS
Demographic characteristics
Median follow-up in months with range by peak-PRA 
category were as follows: 0%-30%, 36.1 (21.5 to 
60.0); 31%-60%, 36.0 (20.4 to 60.7); > 60%, 35.1 
(18.0 to 57.4). Trends in the utilization of different 
induction agents stratified by steroid use and peak-PRA 
class are shown in Figure 1. In CSM group, proportion 
of patients receiving r-ATG induction increased from 
low to high peak PRA groups. Alemtuzumab was 
predominantly used in ESW group. 

A total of 42851 DDK recipients were included in 
the analysis. Among these patients, 9172 (21%) were 
in the ESW group and 33679 (79%) in CSM group. 
Distribution of the 42851 study patients by peak-PRA 
class was as follows: 0%-30%, n = 32617 (steroid 
= 25218, no steroid = 7399); 31%-60%, n = 4345 
(steroid = 3495, no steroid = 850); > 60%, n = 
5889 (steroid = 4966, no steroid = 923). There were 
substantial variations for steroid vs no steroid groups 
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Figure 1  Trends in the use of induction agents stratified by peak-panel reactive antibody in steroid maintenance (A) and early steroid withdrawal (B) 
groups. Alemtuzumab is used more commonly in steroid withdrawal group. r-ATG: Rabbit- antithymocyte globulin; PRA: Panel reactive antibody.
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similar (HR 0.90, 95%CI: 0.76-1.08, P = 0.25) but 
death-censored graft failure risk was lower (HR 0.84, 
95%CI: 0.71-0.99, P = 0.04) for CSM vs ESW groups.

A further analysis was performed comparing adju­
sted overall and death-censored graft survivals between 
ESW and CSM groups in patients ≥ 60 years of age 
stratified by peak-PRA class as shown in Table 2. CSM 
was associated with higher adjusted overall and death-
censored graft failure risks in the 0%-30% peak-
PRA group. There were no significant graft outcome 
differences between the groups for patients in the 
31%-60% and > 60% peak-PRA groups. 

Impact of steroid maintenance on patient survival by 
level of sensitization
Adjusted patient survivals for the different peak-PRA 
groups are shown in Figure 3. Adjusted patient death 
risks were higher for CSM vs ESW groups in peak-PRA 
groups 0%-30% (HR 1.29, 95%CI: 1.16-1.43, P < 
0.001) and 31%-60% (HR 1.39, 95%CI: 1.03-1.87, 
P = 0.03). There was no difference in adjusted patient 
death risk for ESW vs CSM in the > 60% peak-PRA 
group. In KTRs ≥ 60 years of age, adjusted patient 
death risk was higher for CSM vs ESW group in 0%-30% 

under each peak-PRA group as shown in Table 1. Of 
note, a consistently higher proportion of patients with 
previous transplants and DGF were discharged on 
steroid maintenance. There were more diabetics in the 
ESW groups likely reflective of the practice of avoiding 
steroids in patients with high blood sugar. Another 
observation is the trend in increasing dialysis duration 
and proportion of patients with prior transplants from 
the lowest to highest peak-PRA groups. 

Impact of steroid use on graft survival by level of 
sensitization
Adjusted overall and death-censored graft survivals for 
CSM vs ESW groups stratified by peak-PRA classes are 
shown in Figure 2. In patients with peak-PRA 0%-30%, 
there was higher adjusted overall graft failure risk (HR 
1.11, 95%CI: 1.03-1.20, P = 0.009) but similar death-
censored graft failure risk (HR 1.06, 95%CI: 0.98-1.14, 
P = 0.16) for CSM vs ESW groups. Adjusted over all 
(HR 1.04, 95%CI: 0.85-1.28, P = 0.70) and death-
censored (HR 0.97, 95%CI: 0.78-1.21, P = 0.81) graft 
failure risks were similar for CSM vs ESW groups in the 
31%-60% peak-PRA group. For patients in the > 60% 
peak-PRA group, adjusted overall graft failure risk was 
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Peak-PRA 0%-30% Peak-PRA 31%-60% Peak-PRA > 60%
Steroid No steroid Steroid No steroid Steroid No steroid

(n  = 25218) (n  = 7399) (n  = 3495) (n  = 850) (n  = 4966) (n  = 923)
Donor factors
Age 38 ± 17 39 ± 17b 37 ± 17 38 ± 18 35 ± 15 35 ± 16
Gender (M/F) % 59/41 59/41 60/40 57/43 60/40 66/34b

Death from CVA (%) 42 40a 38 41a 36 35a

ECD kidney (%) 18 20d 15 22d 8 10
DCD kidney (%) 7.7  9.1d 6.1 7.6 6.7 8.1
Recipient factors
Age (yr) 51 ± 13 53 ± 13d 37 ± 17 38 ± 17 47 ± 13 49 ± 13
Gender (M/F) % 66/34 67/33 51/49 51/49 37/63 34/66
African American 30 26d 28 28 33 31
Diabetes 33 36d 29 34b 25 28
Pre-transplant dialysis (%) 91 88d 89  84d 91 91
Dialysis duration (mo) 45 ± 34 44 ± 35a 49 ± 42 47 ± 42 61 ± 51 59 ± 52
Previous transplant (%) 7.3 4.6d 21.8    14.6d 44.2 37.9d

HLA mismatches 3.7 ± 1.8 3. 7 ± 1.9 3.5 ± 2.0 3.1 ± 2.0a 3.1 ± 2.0 3.0 ± 2.0
Transplant- related factors
Cold ischemia (h) 18.1 ± 8.1 18.8 ± 8.0d 18.3 ± 7.9 20.8 ± 10.2d 18.4 ± 8.1 19.3 ± 8.2b

Delayed graft function (%) 24.4 19.5d 22.9    19.6a 26 20.8b

Table 1  Demographic features

P value is for steroid vs no steroid: aP < 0.05, bP < 0.01; dP < 0.001. CVA: Cerebrovascular accident; DCD: Donation after cardiac death; ECD: Expanded 
criteria donor; HLA: Human leukocyte antigen; PRA: Panel reactive antibody.

Adjusted overall graft failure risk Adjusted death-censored graft failure risk Adjusted patient death risk

PRA class HR 95%CI HR 95%CI HR 95%CI
0%-30%  1.28d 1.14-1.47  1.27b 1.10-1.45  1.43d 1.22-1.64
31%-60% 1.04 0.71-1.47 1.04 0.70-1.54 1.20 0.79-1.81
> 60% 0.74 0.51-1.09 0.71 0.48-1.09 0.76 0.49-1.19

Table 2  Adjusted overall and death-censored graft failure risks as well as patient death risk for chronic steroid maintenance vs  early 
steroid withdrawal groups in patients ≥ 60 years of age

bP: 0.001, vs overall graft survivals; dP < 0.001, vs death-censored graft survivals. PRA: Panel reactive antibody.
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Figure 2  Over all adjusted graft (A-C) and death-censored graft (D-F) survivals in peak panel reactive antibody classes 0%-30%; 31%-60% and > 60% 
respectively. Note the association of steroid maintenance with decreased overall graft survival in the peak-PRA 0%-30% group and improved death-censored graft 
survival in peak-PRA > 60% group. PRA: Panel reactive antibody.
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peak-PRA class. Adjusted patient death risks were 
similar between CSM and ESW groups for higher peak-
PRA classes (Table 2).

DISCUSSION
Our study demonstrated an association between the 
addition of steroid to a CNI/MMF maintenance regimen 
and risk of patient death in DDK transplant recipients 
considered low immunological risk defined as peak-PRA 
0%-30%. Increased overall but similar death-censored 
graft survival suggests an increased risk for death with 
functioning graft associated with steroid use in this 
group. Steroid use was associated with an improved 
death-censored graft survival without adversely affe­
cting patient survival in high immune risk patients with 
peak-PRA > 60%. In the subgroup of patients ≥ 60 
years of age, steroid use was associated with inferior 
graft and patient outcomes in low immune-risk patients 
and no significant benefits in high-immune risk patients. 
All study patients received perioperative induction 
therapy. 

Several studies in the past have looked at the 
safety and efficacy of ESW in KTR[6-8]. Woodle et al[9] 
performed a prospective, randomized multicenter trial 
comparing early corticosteroid withdrawal vs long-
term, low-dose corticosteroid therapy in KTR who 
received antibody induction followed by CNI/ MMF based 
immunosuppression therapy. Early steroid cessation was 
associated with slightly higher risk of steroid sensitive 
Banff 1A cellular rejection which did not translate into 
adverse long term graft survival and function. ESW 
was associated with reductions in the incidences of new 
onset diabetes after transplant, hypertriglyceridemia, 
and significant weight gain[9]. Risk factors for the 
development of acute rejection in patients who under­
went ESW included repeat transplantation and lack of 
r-ATG use. There was a trend towards increased acute 
rejection in patients with PRA greater than 50%[13]. Rates 
of acute rejection, graft survival and patient survival 
were 40%, 88% and 96% respectively in a pilot study 
involving 25 high immune risk patients who underwent 
ESW and followed for 402 d[14]. Rates of acute rejection 
were lower in high immune risk patients who underwent 
steroid withdrawal if they received r-ATG induction. A 
recent analysis of the OPTN database involving large 
number of repeat KTR showed no added benefits of 
steroid maintenance in terms of patient or graft survival 
in the group that received perioperative induction with 
r-ATG[15]. A meta-analysis of 15 randomized control 
trials involving 3520 patients showed no significantly 
increased risk for acute rejection following very ESW if 
patients received perioperative induction followed by 
tacrolimus as part of maintenance therapy[16]. In fact, a 
recent study involving close to 42000 patients reported 
a highly significant association between maintenance 
steroid dose and death with functioning graft caused by 
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Figure 3  Adjusted patient survival (A-C) in peak-panel reactive antibody 
classes 0%-30%, 31%-60% and > 60% respectively. Note the inferior patient 
survival associated with steroid maintenance in peak-PRA groups 0%-30% and 
31%-60%. PRA: Panel reactive antibody.

Sureshkumar KK et al . Steroid use in sensitized kidney transplant recipients



cardiovascular disease or infection beyond the first year 
following DDK transplantation[17]. Neither tacrolimus nor 
mycophenolic acid use was associated with risk for death 
with functioning graft.

It makes intuitive sense that the higher immunologic 
risk KTR might benefit from enhanced immunosuppr­
ession with chronic steroid use. To our best knowledge, 
no previous studies specifically evaluated to find a 
threshold peak-PRA level beyond which the benefits of 
enhanced immunosuppression with CSM in terms of 
improved graft outcome begin to emerge. Our analysis 
did not reveal any clinically detectable graft and patient 
survival advantages in KTRs with peak PRA ≤ 60 who 
underwent perioperative induction therapy followed by 
CNI/MMF maintenance. An improved death-censored 
graft survival was associated with steroid maintenance 
in those with PRA > 60%. In the subgroup of older 
KTRs ≥ 60 years of age, steroid maintenance was not 
associated with survival benefits regardless of the level 
of sensitization. 

One could speculate enhanced immunosuppression 
with risk for infectious complications as well as adverse 
metabolic and cardiovascular effects as possible reasons 
for the observed association between steroid maint­
enance and increased risk for death with functioning graft 
in low immune risk patients. Improved death censored 
graft survival associated with steroid use without 
adversely affecting patient survival in highly sensitized 
group suggests that favorable immunosuppressive effect 
of CSM in these patients is not fully offset by any adverse 
consequences of CSM.

In order to perform the current analysis, we utilized 
a cohort of patients from 2000-2008, an era before the 
concept of calculated panel reactive antibody (cPRA) 
which was introduced in 2009. The cPRA is based on 
the unacceptable antigens which if present in the donor 
would not be acceptable for the recipient. Depending 
on the frequency of the unacceptable antigens in the 
donor population, the cPRA is computed[18]. Unlike 
traditional PRA, cPRA provides a meaningful estimate of 
transplantability for most patients, as it would preclude 
offers from donors who could have a positive cross-
match. Hence cPRA is described as a measure that 
provides both consistency and accountability[19]. cPRA as 
a concept introduced fairly recently may offer a better 
predictive survival as it takes into account the virtual 
cross-match. The contemporary cPRA is determined 
using extremely sensitive solid phase assays such 
as Luminex® that can detect very low levels of anti-
HLA antibodies that may have questionable clinical 
relevance as compared to the poorly sensitive cell 
based assays used in the past to determine traditional 
PRA. One could speculate that PRA from previous era 
may reflect a higher degree of immunological risk. 
Our analysis of patient cohort from the traditional 
PRA era shows a seemingly beneficial effect of steroid 
maintenance only in younger patients with peak-
PRA > 60%. This observation may be even more 
relevant to contemporary transplant recipients whose 

immunological risk is stratified by cPRA.
Our study has limitations. Retrospective analyses 

can only show associations but not causation. Despite 
using a multivariate model, confounding bias may still 
exist. Peak-PRA reflects the level of sensitization at 
a time point and does not give the actual degree of 
sensitization in the post-transplant period. Donor specific 
antibody (DSA) is increasingly available in current day 
practice which could be a more accurate determinant 
of the alloreactivity to specific donor and the risk of 
rejection. We did not have data on DSA in our study 
cohort. Changes in maintenance immunosuppression 
made after the initial hospital discharge were not 
captured. Hence patients who were withdrawn from 
steroids after hospital discharge, or if patients were 
initiated on steroids due to an event such as acute 
rejection episode at a later date would be misclassified. 
The impact of these misclassifications on the results 
likely is minimal since the non-differential nature of such 
influence tends to deflate results toward the null[20]. A 
recent registry analysis identified African American race, 
re-transplants, highly sensitized recipients, recipients 
with Medicaid, elevated HLA mismatches and older 
donor age as risk factors for new initiation of steroids 
in DDK recipients who were initially discharged on an 
ESW regimen[21]. There were differences in the patterns 
of induction therapy used in ESW vs CSM groups under 
each peak-PRA category. We attempted to minimize the 
impact of this by including type of induction therapy as 
a variable in the multivariate model. Therapeutic levels 
of CNI and doses of MMF were not available that could 
potentially influence graft outcomes. Possibility of type 
1 error cannot be excluded. Despite these limitations, 
relatively large number of study patients from a national 
cohort adds to the validity of our findings. 

In summary, our analysis showed that steroid can 
be safely withdrawn early and potentially could even be 
beneficial in sensitized DDK transplant recipients with a 
peak PRA ≤ 60% as well as elderly patients regardless 
of their degree of HLA sensitization provided these 
patients receive perioperative induction therapy followed 
by CNI (in particular tacrolimus)/MMF maintenance. On 
the other hand, steroid maintenance appears beneficial 
in the subgroup of highly sensitized younger patients. 
Randomized trials with sufficient size and follow up will 
be needed to further evaluate these clinically important 
findings. 
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Abstract
AIM: To evaluate the short and long-term effects of the 
complex cell therapy of 202 cases of spinal cord injury 
(SCI).

METHODS: The main arm included 202 cases of 
SCI and the control arm included 20 SCI cases. For 
the therapy the hematopoietic stem cells (HSCs) and 
progenitor cells (PCs) were mobilized to peripheral blood 
by 8 subcutaneous injections of granulocyte colony-
stimulating factor (G-CSF) for 4 d and are harvested 
at day 5. The cells were administered to the main arm 
intrathecally every 3 mo for a long term (3-5 years) 
according to the internal research protocol international 
medical institute of tissue engineering. Magnetic 
resonance imaging of the site of injury and urodyna
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mic tests were performed every 6 mo. Motor evoked 
potentials (MEP), somatosensory evoked potentials 
(SSEP) were evaluated every 3 mo. The patients were 
evaluated with american spianl injury association 
(ASIA) index, functional independence measure index, 
the Medical Research Council Scale, the International 
Standards for Neurological Classification of Spinal Cord 
Injury (ISCSCI-92) and specifically developed scales. 
The function of bladder was evaluated by a specifically 
developed clinical scale. The long-term clinical outcomes 
were assessed for the SCI patients who received no 
less than 20 intrathecal transplantations of HSCs and 
hematopoietic precursors (HPs).

RESULTS: The restoration of neurologic deficit after 
HSCs and HPs transplantations was proved stable and 
evident in 57.4% of the cases. In 42.6% cases no 
neurologic improvement has been observed. In 50% 
of the cases the motor restoration began after the 
first transplantation, which is confirmed in average by 
9.9 points improvement in neurologic impairment as 
compared to the baseline (P  < 0.05). Repair of the 
urinary system was observed in 47.7% of the cases. 
The sensitivity improved from baseline 124.3 points to 
138.4 after the first and to 153.5 points after the second 
transplantations of HSCs and HPs (P  < 0.05, between 
the stages of research). The evaluation with ASIA 
index demonstrated regress of neurologic symptoms 
in 23 cases. Motor progress was also assessed with 
the ISCISCI-92 motor and sensory scores, and the 
data coincided with those received with the specifically 
developed scale. The number of the patients with 
the signs of locomotive repair was 56.9%. No life 
threatening complications or adverse effects have been 
observed.

CONCLUSION: The method is safe, effective and 
considerably improves the life quality of SCI patients. 
The therapy is approved for clinical use as the treatment 
of choice.

Key words: Spinal cord injury; Paraplegia; Tetraplegia; 
Hematopoietic stem cells; Stem cells; Cell therapy

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The work summarizes the 12 year experience 
of stem cell therapy for chronic spinal cord injury. 
The unique preparation of autologous hematopoietic 
stem cells and hematopoietic precursors was multiply 
administered to 202 patients. The article analyzes 
short and long-term benefits, short and long-term 
complications and the instruments that were used for 
their evaluation.
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INTRODUCTION
A global incidence rate of traumatic spinal cord injury 
(SCI) is estimated as 23 cases per million[1]. Regional 
incidence rates vary from 15 (Australia) to 40 (United 
States) cases per 1 million of population[1]. The average 
age at injury increased from 28.7 years in the 1970s to 
42.6 years since 2010[2], still, the incidence of traumatic 
SCI peaks in young people[1,3].

Although spinal fractures constitute only 0.44% of 
all injury types, the percentage of spinal traumas has 
dramatically increased (over 200-fold) for the past 7 
decades. The analysis predicted 800 of new SCI per 10 
million of population.

For the past two decades the therapeutic advances 
hold a lot of promise for the patients with SCI, but 
none of the available therapies led to restoration of the 
morphological structure of spinal cord and its functions. 
Various therapeutic programs improve outcomes and 
life quality of the injured only in a few cases, but still 
they remain unable to repair severe neurologic deficit 
and restore lost functions. Surgical approaches to repair 
SCI are aimed at orthopedic restoration of vertebral 
canal anatomy, and their results remain controversial. 
To date, an SCI is a final verdict that entails impossibility 
to return to the previous way of life, to restore previous 
working capacity and reproductive functions, resulting in 
tremendous social and economic losses. The total direct 
costs of SCI in the United States alone are estimated at 
about 7.7 billion United States dollar[4].

Inefficiency of the available SCI therapies was 
used to be explained by the absence of regeneration 
potential of adult neurons, and the opportunity to restore 
damaged neural cells has only recently been proved[5]. 
By now, the first steps to develop new neurorestorational 
therapy of SCI have been made[6,7], although no univer
sally acknowledged methods to restore the spinal cord 
after the injury are observed. Novel cell techniques and 
tissue engineering methods can provide the solution; 
so, according to the Stem Cell Summit (2009) data, 
34 million of patients received transplantations of stem 
cells of various origin, and 1 million of them were SCI 
patients[8]. However, outcomes and long-term conse
quences of such transplantations remain as yet unknown.

The available experience is minimally documented 
and rather obscure, due to insufficient theoretical and 
experimental evidence of cell technologies, as well as 
underdeveloped methods of their application, when the 
fate of transplanted cells, their further differentiation 
and transformation are unclear. The crucial question of 
cancer development, triggered by the transplantation 
of stem cells, also remains unanswered. The myths 
and fears of possible negative consequences of stem 
cell therapy significantly interfere with the research and 
progress in the area. 
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We have transplanted cells for SCI for 25 years 
both in research and in clinical practice and have acc
umulated substantial experience of victories and 
defeats administrating allogeneic and xenogeneic fetal 
neural and mesenchymal cells, isolated from animal 
and human embryos of 10-24 gestation weeks, as 
well as embryonic stem neural cells, obtained from 
human blastocyst. This experience is summed up in our 
book[9], and to date, we have refused from the clinical 
application of allogeneic and xenogeneic cell material for 
SCI. We believe the future of the SCI therapy to belong 
to the suspensions, prepared from autologous stem 
and progenitor cells (PCs), as under the SCI condition 
the organism specifies and individually tailors the cells 
for the treatment of their own SCI, along with the 
advantage of null immunologic and transplantation side 
effects and absence of undesirable paramedical ethic, 
legal and religious aspects[10]. The only option to use the 
allogeneic stem cells for SCI is haploidentical stem cells 
or those of close relatives, and only after the human 
leukocyte antigen typing.

In the present article we would like to determine the 
basic parameters for the beginning of the cell therapy 
for SCI and the criteria to terminate it in clinical practice.

MATERIALS AND METHODS
The 12 year trial was performed under the branch 
program of the Russian Academy of Medical Sciences 
New Cell Techniques to Medicine, with the approval and 
under the supervision of the Scientific Board and Ethics 
Committee of the Russian State Medical University 
(Moscow, Russia). The trial was launched 2002 and was 
not registered in the international database for their 
absence. It is an open parallel controlled trial (phase Ⅰ
/Ⅱ) that followed IMITE protocol (Switzerland). The 
trial included 202 SCI patients (1008 case histories) 
that made trial group 1, see Table 1. According to the 
protocol, we evaluated the control group that included 
20 SCI patients matched by age, sex and level of 

injury, see Table 2. The enrolled patients signed the 
Informed Consent. Trial participants met the following 
eligibility criteria: SCI occurred at least 12 mo prior to 
the inclusion into the trial; age between 15 and 60; 
adequate end organ function; adequate bone marrow 
function, negative pregnancy test; written, voluntary, 
informed consent. Exclusion criteria were acute infections, 
severe hematologic disorders; contraindications for 
MRI, pregnancy or breast feeding, grade Ⅲ/Ⅳ cardiac 
problems as defined by the New York Heart Association 
Criteria; severe and/or uncontrolled medical diseases; 
known diagnosis of human immunodeficiency virus 
(HIV) infection; previous radiotherapy to ≥ 25% of the 
bone marrow; major surgery within 6 wk prior to study 
entry; known malignant tumours. All patients received 
conventional pharmaceutical treatment and intensive 
rehabilitation: exercise therapy, physiotherapy and 
massage. The suspension of HSCs and hematopoietic 
precursors (HPs) was intrathecally administered to the 
patients of the main arm every three months for 3-5 
years. To produce HSCs and HPs suspension the stem 
cells (SC) and PCs are mobilized to peripheral blood 
by 8 subcutaneous injections of granulocyte-colony 
stimulating factor (G-CSF) every 10-12 h for 4 d. First 
three days the G-CSF dose is 2.5 μg per kilogram of 
body weight, the last day the dose is doubled. The stem 
cells and precursors are harvested at day 5 in blood cell 
separator (COBE-spectra, Gambro BCT, United States), 
using a disposable system for separation and standard 
solutions. The separation lasts 3-4 h, depending on 
the speed of the procedure, weight of the patient and 
blood test results. The red blood cells are removed from 
the obtained material in a conventional way, and the 
received leukoconcentrate is examined. On average, 
the volume of the material varies from 300 to 400 mL. 
The material is evaluated according to total number 
of nuclear cells (NCs) in the sediment and according 
to CD34+ cells per a kilogram of the patient’s weight. 
The NCs in the sediment are determined by counting 
in Gorjaev’s chamber. The percentage of CD34+ is 
determined by flow cytometry method by FACScan 
(Becton Dickinson, United States). Previously we 
have provided a detailed analysis of the preparation[10]. 
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No. of patients 202 (1008 case histories)

Age From 19 to 51 yr
Gender Males - 156, females - 46
Years post injury Less than 1 yr - 11

From 1 to 5 yr - 144 
Over 5 yr - 47

Level of spinal cord injury Cervical level - 93
Thoracic level - 98
Lumbar level - 11

Type of injury Complete - 43
Incomplete - 159

No. of transplantations  No less than 20 HSCs and 
HPs transplantations

Average number of transplanted cells 5.8 × 106

Table 1  Sex, age, level of injury distribution of patients with 
traumatic disease of spinal cord (main group)

HSCs: Hematopoietic stem cells; HPs: Hematopoietic precursors. 

No. of patients 20 (62 case histories)

Age From 18 to 44 yr
Gender Males - 13, females - 7
Years post injury < 1 yr - 6

From 1 to 5 yr - 10
Over 5 yr - 4

Level of spinal cord injury Cervical level - 14
Thoracic level - 4
Lumbar level - 2

Type Complete - 12
Incomplete - 8

Table 2  Sex, age, level of injury distribution of patients with 
traumatic disease of spinal cord (control group)
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values. 
Neurological response was assessed every 3 mo, by 

an examination performed by a neurologist and recorded 
according to american spianl injury association (ASIA) 
scale and functional independence measure (FIM) scale. 
Changes from baseline in neurological status grades 
and body weight were summarised at defined intervals 
and produced in the tables of summary statistics. 

MRI scan of the CNS and urodynamic tests were 
performed every 6 mo. Motor evoked potentials (MEP), 
Somatosensory evoked potentials (SSEP) examinations 
were performed every 3 mo. Urodynamic tests were 
performed every 6 mo. To evaluate motor activity we 
used specifically developed scale of clinical restoration 
of motor function[9,10] that estimated muscle force in the 
extremities, range of active movement and movement 
pace, to calculate the total score of motor activity. 
Additionally, motor restoration was evaluated with the 
Medical Research Council Scale that estimates (from 0 
to 5 points, depending on the degree of manifestation) 
the range of active and passive movements, as well 
as the strength of a body and extremities. Sensitive 
disorders were evaluated with specifically developed 
scale of sensation restoration[10] that included 2-point 
testing of pain, temperature and deep sensation on 
dermatome on each side, and evaluation of the feeling 
of “heaviness” in resting muscles and after training in 
the lower and upper extremities, abdomen and back. 

The standardized and certified HSCs and HPs were 
uniformly dispensed in 20 tubes and cryopreserved by 
adding dimethyl sulfoxide in 5% final concentration, 
frozen down at a rate of 1 ℃/min up to a temperature 
point of -80 ℃ or -120 ℃ in a programmed freezer and 
further stored in liquid nitrogen or liquid nitrogen vapor. 
The cell material is characterized in Figure 1 and Table 
3. Before administration the cells are thawed in +37 
℃ water bath and washed by double centrifugation 
with 0.9% NaCl. According to CD34+ count, an average 
dose of the cells is 5.8 × 106 in a tube. The main trial 
group received intrathecal administrations (no less than 
20) of the HSCs and HPs suspension. The autologous 
HSCs and HPs were harvested once in 101 patients 
(50%), twice in 68 patients (33.7%), and three times 
in 33 patients (16.3%). Totally, during the whole period 
of observation, the patients received 1790 intrathecal 
transplantations of autologous HSCs and HPs. The 
control group patients received analogous treatment, 
excluding intrathecal administration of HSCs and HPs. 

The patients were clinically and paraclinically 
evaluated according to the protocol. Evaluation of 
neurologic condition included tests for locomotion and 
sensation, bladder and bowel functions, level of injury 
and its completeness/incompleteness. Safety evaluation 
was based on the frequency of adverse events, par
ticularly adverse events leading to discontinuation of 
treatment and on the number of abnormal laboratory 
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Technique G-CSF dose Period of administration (d) Stimulation regimen Cell markers Cryopreservant

Administration of HSCs in blood 10-20 μg/kg 6-7 1 in 24 h CD34+, CD45+ 10%-20% DMSO
HLA DR+, CD38+

Gp130±
Administration of HSC and HPs in CSF 5 μg/kg; double 

dose at day 4
5 2 in 24 h CD34+, CD45- 5%-10% DMSO +

HLA DR±, CD38± polyglucin
Gp130+

Table 3  The characteristics and basic differences of the hematopoietic stem cells and hematopoietic precursors preparation from the 
preparation of hematopoietic stem cells used for bone marrow transplantation

HSCs: Hematopoietic stem cells; HPs: Hematopoietic precursors; G-CSF: Granulocyte-colony stimulating factor.

Ⅰ

Ⅱ

Early ASC Precursors Hematopoietic ASC

Concentration of SC CD34+

5 × 106/kg

0              1                  2                3                  4                5                6              7                 8                  9   

Stimulation days

Figure 1  Obtaining cell preparations in various modes of granulocyte colony-stimulating factor stimulation.
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Completeness/incompleteness of SCI was assessed 
according to neurologic symptoms: lower paraplegia, 
conduction anesthesia and urine retention. Minimal 
movements or hypoesthesia below the level of injury 
were evaluated as an incomplete injury (no injury 
equals 0, an incomplete functional injury of spinal cord 
equals 1, a complete functional injury of spinal cord is 2). 

The function of bladder was evaluated by specifically 
developed clinical scale to estimate the restoration 
of bladder function that included 3-point assessment 
of urination feeling and 5-point assessment of urine 
retention[10]. The total score, denoting absence of neurolo
gic bladder disorders, equals 8 points. All patients passed 
complex urodynamic tests. Besides, the effectiveness of 
the intrathecal transplantation of HSCs and HPs in chronic 
SCI was evaluated with ASIA index, FIM index and the 
International Standards for Neurological Classification of 
Spinal Cord Injury (ISCSCI-92). 

The main criteria of effectiveness were improvement 
of neurologic symptoms (motor, sensitive and bladder 
and bowel function). The expectation period for the 
improvement to manifest was individual in every case, 
depending on the scope of injury, years post injury 
and functional impairment. The results of the therapy 
manifested from 1-3 d to 24-36 mo post transplantation 
and were evaluated by the clinical indexes of ASIA and 
FIM. Patients were considered in response if at least one 
of the following criteria were met: (1) An unequivocal 
improvement of SSEP, MEP; (2) An unequivocal sign 
of tissue regeneration at MRI; (3) An unequivocal 
improvement of UT; and (4) Changes from baseline in 
neurological status grades (ASIA, FIM).

The statistical review of the study was performed by 
the biomedical statistician of the School of Biomedicine, 
Far Eastern Federal University. The material was 
statistically processed with SPSS 13 software. Stati
stical significance of the data was evaluated with Student’
s coefficient, and analysis of variance analysis of variance 
and χ 2 method. The data were considered statistically 
significant at P < 0.05.

RESULTS
General efficacy of the intrathecal transplantation of 
HSCs and HPs
Clinical efficacy was evaluated after three years of 
therapy by standard neurologic examination and regis
tration of the results in specifically developed forms. The 
analysis of the registered data demonstrated efficacy 
of the intrathecal transplantation of HSCs and HPs in 
57.4% of the patients, concerning motor and sensitive 
restoration, as well as repair of bowel and bladder 
functions (Figure 2). As it can be seen from Figure 2, 
we observed no neurologic improvement in 42.6% 
cases, which can be explained by underdeveloped 
inclusion/exclusion criteria. To date, it is clear that the 
method demands rigorous screening of the patients 
for this therapy that will further entail the development 
of clearer indications and contraindications for the 
intrathecal transplantation of HSCs and HPs. The size 
of lesion, its location, type and anatomic continuity 
of bone structures were of prior importance in this 
therapy. The analysis of ineffective cases of HSCs 
and HPs transplantation showed that in major part of 
the cases (25.2%) the size of spinal cord (SC) lesion 
exceeded 50% of the spinal cord cross-wise and one 
segment long-wise, according to MRI. Other reason 
for the inefficacy of the intrathecal transplantation of 
HSCs and HPs seems to be the unnoticed moderate or 
slight disorder of CSF circulation, associated with CSF 
hypertension, instability of the spinal segment in the 
injury site and/or scars and cicatrices of the spinal cord 
that hinder the circulation of CSF. Refusal of the patients 
from rehabilitative therapy (40.6% of cases) has also 
significantly contributed to the inefficacy of the therapy. 
The patients considered administered transplantations 
sufficient for the recovery and neglected the reha
bilitation. In 10.6% cases, the patients negated positive 
results of the therapy, although the medical exercise 
instructors and attending doctors observed neurologic 
progress. Only video records that were taken in the 
beginning of the treatment and in the course of it, 
served a decisive argument to confirm functional repair. 
The therapy that took from 5 to 8 years showed that 
these patients demonstrated good clinical results of SC 
functions’ repair. However, this trial included only the 
patients who received no less than 20 transplantations 
of HSCs and HPs. In other cases (8.2%) the reason 
of inefficacy remained unclear, prompting necessity of 
further research. Moreover, we did not find correlation 
between the number of transplanted HSCs and HPs and 
transplantation efficacy [P = 0.1 (P > 0.1)], which was 
also confirmed by the absence of difference between 
the number of the transplanted cells to the patients 
with no effect and those with positive effect, resulting 
from HSCs and HPs transplantation (5.3 ± 0.9 × 106, as 
compared to 106.4 ± 0.9 × 106, P > 0.1, respectively). 
The hypothesis that the process of repair after intr
athecal administration of HSCs and PCS depends on 

114 September 24, 2015|Volume 5|Issue 3|WJT|www.wjgnet.com

Figure 2  General effectiveness of restoration of the spinal functions after 
hematopoietic stem cells and hematopoietic precursors transplantation.
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the amount of the cells (5.3 ± 0.9 × 106 as compared 
to 106.4 ± 0.9 × 106) was not confirmed at a 90% 
significance level.

Evaluation of motor function repair: The efficacy 
of the intrathecal transplantation of HSCs and HPs 
was evaluated with the help of the assessment of neur
ologic condition that included 5-point test of muscle 
strength, active movements and pace of movements 
of the extremities on both sides. Total score for no 
neurologic disorder is 300 points. As seen from Figure 

3A, 56.9% of the cases demonstrated improvement of 
neurologic symptoms, accompanied by muscle strength 
and muscle tone build-up, visual contractions of some 
groups of muscles, frequently unilateral, and further 
development of movements in lightweight positions. 
Largely, the active movements appeared 12-18 mo 
later during exercises on press machines. Accordingly, 
in 50% of the patients the motor restoration began 
after the first HSCs and HPs transplantation, which is 
confirmed in average by 9.9 points improvement in 
neurologic impairment as compared to the baseline 
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Figure 3  General effectiveness (A), clinical progress (B) and clinical picture (C). A: General effectiveness of motor functions’ restoration after HSCs and HPs 
transplantation; B: Clinical progress in motor functions after HSCs and HPs transplantation; C: Clinical picture of motor functions after HSCs and HPs transplantation 
in SCI patients with different levels of injury. aP < 0.05 as vs the baseline; cP < 0.05 as vs the score after 1 HSCs and HPs transplantation; eP < 0.05 as vs the score 
after 2 HSCs and HPs transplantations; bP < 0.1 as vs the baseline. HSCs: Hematopoietic stem cells; HPs: Hematopoietic precursors; SCI: Spinal cord injury.
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(P < 0.05) (Figure 3B). Repeated HSCs and HPs trans
plantations further enhanced neurologic improvement, 
that made 142.5 ± 9.7 points (P < 0.05, as compared 
to baseline and first HSCs and HPs transplantation 
results). Usually, intensive exercise led to strengthening 
of extremities’ muscles, increase of range and pace 
of the movements, stabilization of the knee joints, 
ability to stand independently in the knee supporting 
position and development of the elements of walking 
with assisting devices (walkers). It should be noted that 
91.2% reported no restoration of motor functions for 
several years, and development of the first controllable 
movements was extremely important for the patients 
and served an incentive for further training. However, 
the improvement of the muscle strength was often 
admitted by the patient no earlier than in 6-12 mo 
and became objective reality by the end of the second 
or even third year. By the sixth year, the patients are 
deeply convinced in the effectiveness and practicability 
of the therapy.

As our research demonstrated, the intrathecal transpl
antations of HSCs and HPs led to gradual recovery of 
the lost movements in chronic SCI patients, only being 
accompanied by specific rehabilitation. Still, rehabilitation 
without HSCs and HPs transplantation before enrollment 
into the program produced only limited effect.

Post HSCs and HPs transplantation changes of motor 
activity depending on the level of injury
The motor improvement was mostly observed at Th3-
Th8 level of injury, specifically in 81.3% of the cases 
(Figure 3C). Meanwhile, cervical and lumbar SCI cases 
showed lesser benefit from the therapy, and functional 
restoration was less illustrative (Figure 4). However, the 
level Th3-Th8 cases demonstrated considerable repair. 

Due to baseline diversity, the comparison of the 
clinical data between the levels of injury was done in 
per cent and showed maximal improvement of Th3-
Th8 SCI cases after the second and consequent HSCs 
and HPs transplantations. After the first HSCs and HPs 
transplantation neurologic improvement was observed 
only in the cases of cervical injury, which can be 
explained by the fact that the first feeling of the slight 
changes in motor functionality (mostly of upper limbs) 
was much brighter in this category of the patients. By 
5-8-th transplantations the quadriplegics were able 
to turn in their beds independently, the strength in 
upper extremities and back increased, and they did 
not require fixation to a wheelchair with the belts or 
any other devices. However, three years after the first 
transplantation, the most positive results were observed 
in lumbosacral cases and, strangely enough, in cervical 
SCI. At least, the improvement of life quality was more 
obvious in quadriplegics, both for the patient and for 
their relatives. 

Accordingly, these data report more vigorous repair 
of motor functions at Th3-Th8 level of SCI after HSCs 
and HPs transplantations. Although, the represented 
data show limited opportunity for the restoration at the 
level of cervical and lumbar enlargement, we observed 
the benefits of cell transplantations at these levels. 
Follow-up of the SCI patients after the HSCs and HPs 
transplantations demonstrated neurologic progress in 
61.1%, and it was associated with strengthening of the 
muscles, development and/or increase of motor activity, 
regress of sensitive disorders, and improvement of 
bowel and bladder functions. The most notable clinical 
effect was achieved in locomotion. In most cases, the 
changes in motor functions were minimal after the 
first HSCs and HPs transplantation and manifested in 
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Figure 4  Comparison of clinical motor restoration after hematopoietic stem cells and hematopoietic precursors transplantation among spinal cord injury 
patient with different injury levels. aP < 0.05 as vs the level С4-Th2; cP < 0.05 as vs the level Th3-Th8.
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lightweight positions. Further intensive rehabilitation 
led to strengthening of extremities muscles, increase 
of pace and range of movements during exercise tests. 
After the second HSCs and HPs transplantation 33 
patients were able to stabilize knee joints, to stand in 
knee supporting position independently and developed 
some elements of walking with assisting devices 
(walkers). It should be noted that 96% of the patients 
demonstrated no signs of neurologic restoration for 
several years before HSCs and HPs therapy. One of the 
patients from the United States restored independent 
automatic walk in a month of the therapy that included 
4 administrations of the HSCs and HPs, and left the 
hospital on their own feet, although their previous treat
ment in the United States lasted 5 years. The similar 
recovery was observed in the patient from Bosnia and 
Herzegovina, when two administrations were enough to 
restore the walking function after 6 years of ineffective 
therapies in various clinics of the world. 

Post HSCs and HPs transplantation changes of motor 
activity depending on the type of injury
As expected, comparison of the results, depending on 
type of injury, showed better progress in the cases of 
incomplete SCI. Sixty percent of incomplete injury cases 
demonstrated improved locomotion, as compared to 
46.7% of complete SCI cases (Figure 5). The patterns, 
identified at early period of the therapy, were fully 
confirmed 1-3 years post therapy beginning. They 
are supported by the changes of clinical condition in 
incomplete SCI cases, manifested in the increase of 
motor points from baseline 142.1 ± 5.7 to 150.5 ± 5.7 
after the first transplantation, and 172.6 ± 8.1 after 
the second transplantation (P < 0.05) (Figure 5). In 
complete SCI cases neurologic improvements were 
minimal and made only 5 points after the first HSCs and 
HPs transplantation (P < 0.05). The tendency to improve 

to 81 ± 7.9 points was observed after the second 
transplantation (P < 0.1), which can be explained by 
the insignificant number of cases (n = 11); Due to 
different baseline scores of incomplete SCI and complete 
SCI cases, the comparison between the stages of 
therapy was done in percent and did not demonstrated 
significant difference in results after the first, or after 
the second, and even after the twentieth HSCs and HPs 
transplantations. 

Post HSCS AND HPS transplantation changes of motor 
activity depending on years post injury 
The increase of motor activity increase (Figure 6) after 
HSCs and HPs transplantation was observed only in 
the cases of 2-5 years post SCI; it was manifested 
in the motor activity increase from baseline 134.5 ± 
7.3 points to 144.5 ± 8.6 points after the first trans
plantation and to 173.4 ± 10.7 after the second P < 0.05 
between baseline and transplantations, respectively). 
Neither cases of 1-2 years post SCI, nor the cases 
over 5 years post injury showed statistically significant 
changes of clinical symptoms. These results seem to 
be conditioned by the inability of HSCs and HPs to 
realize their regeneration potential, due to residual 
inflammation and apoptosis in the patients with the 
period post SCI, varying from 1 to 2 years and due to 
degenerative changes in spinal cord in over 5 years old 
SCI cases. Still, regress of motor neurologic symptoms 
was observed in some of the patients with such SCI, 
so that in one of the cases the motor functions were 

considerably repaired 29 years post injury. 

Testing muscle strength repair in SCI patients after 
HSCS AND HPS transplantation with Medical Research 
Council Scale
The Medical Research Council Scale was used to confirm 
the obtained results of motor progress after the HSCs 
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and HPs transplantation in chronic SCI patients. The 
scale seems to be one of the most convenient and clear 
measurements of the strength of separate muscles, and 
originally was meant to detect locomotion deficit in the 
injuries of peripheral nerves. Total score for the absence 
of neurologic impairment makes 100 points.

As seen in Figure 7, the HSCs and HPs transp
lantation, accompanied by intensive rehabilitation, 
resulted in the increase of the muscle strength at all 
stages of research (P < 0.05). The second HSCs and 
HPs transplantation did not lead to muscle strength 
increase in damaged extremities. These data can be 

explained by insensitivity of the measurement tool to 
paresis improvements, the so called ceiling effect, that 
agrees with the data of Belova[11]. It is also confirmed 
by the analysis of muscle strength, the patients being 
distributed according to the level and type of injury 
(Figure 8). Strengthening of the muscles was observed 
in the cases of more severe injuries: at the level of 
cervical intumescence and with complete SCI. 

On the other hand, recovery of the muscle strength 
after HSCs and HPs transplantation repeated the 
pattern of the progress of motor functions, depending 
on the years post injury. This manifested in the slight 
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Figure 6  Clinical progress of motor restoration after hematopoietic stem cells and hematopoietic precursors transplantation depending on years post 
injury. aP < 0.05 as vs the baseline; cP < 0.05 as vs the score after the first transplantation; eP < 0.05 as vs the group of patients with 2-5 years post injury.

Figure 7  Muscle strength restoration evaluated by Medical Research Council Scale after hematopoietic stem cells and hematopoietic precursors 
transplantation. aP < 0.05 as vs the baseline.
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score increase in the cases of 2-5 years post SCI after 
the first HSCs and HPs transplantation (from baseline 
63.8 ± 4.6 points to 78 ± 7.1 points after HSCs and 
HPs transplantation, P < 0.05, respectively). However, 
after the second HSCs and HPs transplantation, muscle 
strength increase was registered only in the patients 
with 1-2 years old injury. The cases of over 5 years 
old SCI demonstrated no statistically valid increase of 
muscle strength, herewith, confirming the hypothesis of 
hindered motor restoration, due to degenerative changes 
in spinal cord in these cases. Hence, the changes in 
muscle strength, measured by Medical Research Council 
Scale, demonstrated improvement of locomotion after 
HSCs and HPs transplantation despite low sensitivity of 
the tool and consequent low increase of the score (Figure 

9). 

Sensation repair in SCI patients after HSCs and HPs 
transplantation
Sensation repair after the intrathecal transplantation 
of HSCs and HPs was evaluated in 71 patients by 
the assessment of neurologic condition that included 
2-point tests of pain, temperature, deep sensation on 
dermatomes on both sides, as well as the assessment 
of the feeling of muscle “heaviness” in rest and after 
exercise in upper and lower extremities, abdomen and 
back. Total score, denoting absence of neurologic motor 
disorders, made 312 points. 

As different from the locomotion, the repair of sens
ation was registered in a much fewer number of chronic 
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Figure 8  Clinical picture of muscle strength restoration evaluated by the Medical Research Council Scale after Hematopoietic stem cells and 
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SCI cases (Figure 10), the reason as yet remaining 
unclear. At the same time, the analysis of the obtained 
clinical data showed (Figure 11A) that the cell therapy 
led to the increase of sensitivity from baseline 124.3 
points to 138.4 after the first and to 153.5 points after 
the second transplantations of HSCs and HPs (P < 0.05, 
between the stages of research).

Clinically, the repair manifested in the expansion 
of sensation areas, accompanied by gradual involve
ment of new dermatomes. Major part of the patients 
observed the elements of deep sensation after the 
first transplantation and characterized them as the 
“heaviness” of muscles in rest and after physical training. 
Further, it was noted that development of the feeling 
of the position of lower extremities in space preceded 
stabilization of knee joints and development of the first 
elements of walking. 

Expansion of the areas of surface sensation did 
not depend on the level of injury, i.e., the sensation 
could manifest with separate dermatomes of lower 
and/or upper extremities, anterior chest or abdomen 
walls. In most of the cases the dermatomes did not 
restore in full, but only partially the sensation seldom 
restored unilaterally. Having received 5-7 HSCs and 
HPs transplantations, some of the patients restored 
sensation in all or almost all dermatomes of extremities 
and body. Hence, after the transplantation of HSCs and 
HPs, the sensation restores in chronic SCI cases, but in 
fewer cases than locomotion. 

Case distribution, depending on the level or type 
of injury, demonstrated restoration of sensation in the 
most severe cases (complete SCI of cervical intum
escence) (Figures 11B and C). These results are likely 
to be conditioned by low sensitivity of the measurement 
scale, i.e., “ceiling effect”. However, gradation of the 
sensation disorders was copied from widely applied 
measurement scales, including ISCSCI-92, and, hence, 
demonstrated the inefficiency of applied evaluation 
methods that demand upgrade.

No clinical changes were observed in the distribution 
of the cases, depending on the years post injury. This 
can be explained by lesser damage of posterolateral 
parts of spinal cord that agrees with the multiple data of 
pathomorphological tests. However, additional tests are 
necessary to confirm this hypothesis. Obtained clinical 
data of sensation repair were objectified with SSEP[12]. 

Evaluation of bladder repair in SCI patients after HSCs 
and HPs transplantation 
Efficacy of the rapier of bladder functions was evaluated 
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in 72 patients with the assessment of neurologic 
condition that included 3-point assessment of the feeling 
of urination and 5-point assessment of urine retention. 
Total score that denotes absence of neurologic signs of 
urinary disorder is 8 points.

Repair of the urinary system was observed in 47.7% 
of the cases after the intrathecal transplantation of HSCs 
and HPs. Clinically, the restoration of urinary system ma
nifested in creeping sensation in the body or unpleasant 
feelings in the lower abdomen that preceded involun
tary urination, but complete syndrome of vegetative 
hyperreflexia was absent (changes in blood pressure 
and heart rate, arrhythmia, sweating, fever above the 
injury level). Many patients observed the feeling of 
weak “swelling” above pubic symphysis that allowed 
beginning of bladder training with closing urethral or 
cystostomic catheter. Further restoration of the capacity 
to retain urine for at least 1-3 min led to intermittent 
catheterization, or refusal from the cystostomy. In some 
cases, 3-5 intrathecal transplantations of HSCs and HPs 
resulted in full refusal from intermittent catheterizations 
and further complete repair of urinary function.

Analysis of the clinical data showed that in 33.8% 
cases the manifestations of urinary restoration began 
after the first transplantation of HSCs and HPs, showing 
clinical improvement from baseline 0.4 ± 0.2 points 
to 1.2 ± 0.2 points after the first transplantation of 
HSCs and HPs (P < 0.05) (Figure 12). Consequent 
transplantations improved the urinary function further, 
thus increasing the score to 1.9 ± 0.4 points.

Hence, the transplantation of HSCs and HPs can 
lead to gradual restoration of urinary function in chronic 
SCI cases. Analysis of the data, depending on the 
level of injury (Figure 13), showed that largely, the 
improvement in the urinary system after HSCs and 
HPs transplantation was noted at Th3-Th8 level of 
SCI and at the level of lumbar enlargement (70%). It 
manifested in the increasing urinary restoration (Figure 
13) from baseline 1.1 ± 0.8 points to 2.5 ± 0.8 points 
after the first transplantation and to 2.9 ± 0.9 points 
after the repeated HSCs and HPs transplantations (P 

< 0.05 between the therapy stages) in Th3-Th8 SCI 
cases. In SCI at the level of lumbar enlargement the 
urinary function changed from baseline 1 point to 1.9 
and 2.8 after the first and the second transplantations, 
respectively (P < 0.05 between the therapy stages).

Despite fewer number of the SCI patients at the 
level of cervical intumescence, who showed the urinary 
system repair (36.8%), the restoration from baseline 
0.1 points to 0.7 points and to 1.3 points was clinically 
registered after the first HSCs and HPs transplantation 
after the second HSCs and HPs transplantation, 
respectively (P < 0.05 between the therapy stages).

Thus, the urinary system after the intrathecal trans
plantation of the HSCs and HPs restores irrespective 
of the level of the SCI. However, the urinary system 
restores more efficiently in the cases of SCI at the level 
of Th3-Th8 and lumbar enlargement. 

The repair of the urinary system after HSCs and 
HPs transplantation did not depend on the type of SCI, 
as shown in Figure 14A. However, in the cases of the 
incomplete SCI the urinary disorder at a baseline was 
less significant, as well as after the first transplantation. 
After the second transplantation, no statistically 
significant changes in the clinical evaluation of urinary 
system have been observed.

Restoration of the urinary system did not depend 
on period post injury, either. As seen in Figure 14B, 
some restoration of urinary function was observed 
irrespectively from years post injury. There is a clear 
tendency for further improvement of urinary function 
after 2 or 3 years of HSCs and HPs therapy, as compared 
to baseline.

Consequently, the intrathecal transplantation of 
HSCs and HPs in chronic SCI patients is an efficient 
method to repair urinary function. The lower levels of 
SCI are more prone to restore urinary function, which 
can be explained by closer location of urination centers 
in sacral spinal segments to lesion sites and, possibly, 
by larger concentration of HSCs and HPSs in the sites 
of injury. Herewith, neither the type of injury, nor years 
post injury, do not influence restoration of urinary 

function.

Evaluation HSCS and HPS transplantation efficiency in 
SCI patients with ASIA, FIM and ISCISCI-92
The functional repair of spinal cord was analyzed for 
72 chronic SCI cases; it was measured with ASIA, 
ISCISCI-92 and FIM indexes at all stages of HSCs and 
HPSs transplantation. The evaluation with ASIA index 
demonstrated regress of neurologic symptoms only 
in 23 cases. Two patients with complete SCI (ASIA A) 
showed restoration of the locomotion below neurologic 
level of injury with muscle force of no less than 3 points 
(ASIA C) after HSCs and HPs transplantation, and 
over 3 points (1 patient, ASIA D). The ASIA B patient 
after HSCs and HPs transplantation showed neurologic 
restoration to ASIA C.

Nevertheless, the above shown analysis of clinical 
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Figure 12  Clinical progress of urinary restoration after hematopoietic 
stem cells and hematopoietic precursors transplantation. aP < 0.05 as vs 
the baseline.
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regress of neurologic symptoms demonstrates inef
ficiency of the ASIA impairment scale that was used 
to evaluate restoration of the spinal cord functions. On 
the one hand, it is associated with the specific features 
of restoration of spinal cord functions, and on the 
other, with low sensitivity of the index that gives only 
general estimation of regress of the neurologic damage. 
According to Belova[11] the ASIA index is applicable only 
for screening of the spinal functions during acute period 
of SCI. To evaluate neurologic progress in SCI, the more 
detailed characterization of locomotion, sensation and 
urination is required in every individual case.

As shown above, the sensation recovered after the 
manifestations of the restoration of motor functions 
analysis, especially in S4-S5 segments. The sensation 
restored mosaically, frequently after the development 
of passive or active movements, and involved the 
segments only partially. Absence of sensation in S4-S5 
segments conditioned ASIA A level of impairment, even 
if motor functions of certain muscles below injury level 
were preserved to a certain extent. In this respect, 10 
patients observed restoration of muscle force in most of 
the muscles below the level of injury that enabled their 
walking with assisting devices after 4-8 transplantations, 
while currently, two patients are able to cover short 
distances independently. However, only one of these 
patients demonstrated restoration of sensation in S4-S5 
segments. 

Hence, the ASIA impairment scale is effective to 
assess the degree of disability, but is ineffective, when 
used to assess the restoration of spinal cord functions in 
chronic SCI after HSCs and HPs transplantation.

Motor progress was also assessed with the ISCISCI-92 

motor and sensory scores, and the data coincided with 
those received in evaluation of motor functions by the 
specifically developed scale. The number of the patients 
with the signs of locomotive repair was 56.9%. Moreover, 
the motor activity rates increased from baseline 32.7 
points to 37.1 after the first transplantation and to 39.9 
after repeated transplantation of HSCs and HPs (P < 0.05, 
at each stage of transplantation) (Figure 14C).

In spite of clinical restoration of sensation in 38.6% of 
the patients, the ISCISCI-92 scores did not confirm these 
data. This is conditioned by the absence of evaluation of 
deep sensation in ISCISCI-92, and, as noted before, by 
the “ceiling effect”, when the neurologic status changes 
within the partial restoration of sensation. 

Hence, the assessment of motor restoration with 
the ISCISCI-92 scores demonstrated effectiveness 
of the HSCs and HPs transplantation in chronic SCI 
patients. The ISCISCI-92 score confirms the data of 
our specifically developed scale to assess the clinical 
motor restoration of spinal cord, thus, demonstrating its 
applicability in practice. The advantage of our evaluation 
scale of clinical motor restoration over the ISCISCI-92 
lies in the multi-factor analysis of the motor activity, 
based on standard neurologic examination. Absence 
of changes in sensation as measured by ISCISCI-92 
scores that, however, are accompanied by the clinical 
signs of restoration, demands development of new tools 
to measure changes both in surface sensation (touch 
and pain) and deep sensation. Despite partial solution 
of this issue in the specifically developed scale of clinical 
motor restoration, the “ceiling effect” was not overcome 
in partial restoration of this function.

We would like to focus on the restoration of the 
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functional independence after HSCs and HPs trans
plantation that was evaluated in 64 patients with the 
functional independence measurement (FIM) scale. 
The signs of the restoration of life activity was observed 
in 36.2% patients and were minimal (from baseline 
50.1 points to 50.5 points after the first transplanta
tion, and to 50.7 points after repeated HSCs and HPs 
transplantation; P < 0.05 at all stages of therapy, 
respectively) (Figure 15). It is associated with moderate 
restoration of the spinal functions after the first HSCs 
and HPs transplantations that manifested mostly in 
locomotion. However, as shown above, further trans
plantations resulted in more profound clinical progress. 
Besides, the FIM scale, when applied to chronic SCI 
cases has significant disadvantage: in the cases of 
considerable disorders of nerve impulse conductance, 
the FIM displayed very low sensitivity, due to absence of 
detailed functional evaluation. Accordingly, the analysis 
of the obtained data showed very slight improvement 
of the FIM scores, demonstrating improvement of the 
functional independence conditioned by the motor 
function of spinal cord.

Complications of intrathecal application of HSCS AND 
HPS 
During 12 years of follow up we observed no life 
threatening complications resulting from the HSCs and 
HPs transplantation. The complications of HSCs and HPs 
administration were evaluated at three stages: stage 
1 after the first transplantation; stage 2 after one year 
of the therapy that included 5.3 ± 0.5 administrations; 
stage 3 two years of regular administrations (10.1 ± 
1.1). The complications were summed up in Table 4. 
We observed one case of cancer (femoral carcinoma) 
of 202 followed up cases. However, according to 
the conclusion of the experts of the Russian Cancer 
Research Centre, it was not associated with HSCs and 
HPs transplantation. Surprisingly, in the control group of 
20 cases we registered one case of spontaneous brain 
cancer development (pituitary adenoma) too, for which 

the patient was operated on. 

DISCUSSION
The therapy of SCI with autologous HSCs and HPs dem
onstrated high efficiency (to 95.1%) of stem (CD34+) 
peripheral cells mobilization in SCI patients. It is well 
known that under the conditions of undamaged hemato
poiesis, the hematopoietic stem cells (HSCs) circulate 
in peripheral blood of a human. But their concentration 
is extremely low (less than 0.01%) that makes their 
detailed study and transplantation almost impossible. 
High concentration of HSCs results from the damage of 
hematopoiesis (usually as a result of chemotherapy), 
or administration of colony-stimulating factors (CSF). In 
the clinical practice, the granulocyte CSF (G-CSF) and 
granulocyte macrophage CSF (GM-CSF) are the most 
widely used. These factors increase the concentration 
of HSCs 100-1000 times, thus allowing the harvest of 
the cells and their use for transplantation. It should be 
noted that mobilization of the stem cells and precursor 
cells into peripheral blood vessels in the patients with 
traumatic disease of spinal cord was efficient in all 
cases - both absolute number and the percentage of 
CD34+ in leukoconcentrate received after 1 session of 
leukapheresis meet the transplantation standard of the 
number of mononuclears (> 2 × 106/kg).

As seen from the description, we applied the suspe 
nsion of autologous HSCs and HPs, and not a standard 
suspension of autologous HSCs (CD34+). We consider 
this cell suspension to reflect systemic specific response 
of bone marrow of each patient to the injury of the 
central nervous system, and the cell composition received 
in specific stimulation conditions and cryopreservation 
is unique and obligate. In case of stimulation of an SCI 
patient with G-CSF in the dose of 10 or 20 mg/kg for 
5-6 d as it is recommended in the manuals of hematoon
cology, we harvest mature differentiated hematopoietic 
cells, able to restore hematopoiesis, and not injured 
nervous system. We applied the standard sparing scheme 
of simulation, which is ubiquitously used in pediatric 
oncology. This empirically selected mode of stimulation 
allowed us for new property of cell suspension that 
conditions its clinical effectiveness. 

As seen from Table 3, we refused from cryopre
servation with 10% DMSO with polyglycine, although 
the combination is considered ideal to protect HSCs. We 
applied lower concentration for cryopreservation, and, 
namely 5% DMSO and polyglycine that demonstrated its 
high efficiency and safety for intrathecal transplantation.

The stem cells and committed precursor cells form 
a so-called pool of HSCs. The expression of CD34 mole
cule on the surface of a membrane is common to all 
cells of the pool, and this property enabled use of flow 
cytometry methods to detect the precursor cells and to 
provide their quick count in any hematopoietic material. 
Last decades the peripheral blood was the main 
source of stem and precursor cells. Thus, for example, 
transplantation of separated fraction of mononuclear 
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cells of peripheral blood with hematopoiesis stimulation 
permits considerable reduction of critical cytopenia in 
patients after high-dose chemotherapy. The pheno
menon is conditioned by stem and precursor cells 
entering peripheral blood under colony stimulating 
factors influence. Special attention should be given to 
the composition of subpopulation of CD34+ cells, that 
is, the number of the cells of different compartments of 
HSCs and HPs pool.

Subpopulation composition of CD34+ cells was 
assessed by flow cytometry with triple-labeling method. 
Our analysis of efficiency of the suspension in SCI 
patients demonstrated that best motor restoration in 
SCI cases was observed only when the membrane of an 
autologous stem cell expressed gp130 protein. Gp130 is 
a transducing molecule of IL-6 cytokines and a receptor 
of cell functional condition. Basic pleiotropic action of 
these receptors is to contribute to cell differentiation, 
gene expression, stimulation or inhibition of cell growth 
and control of cell apoptosis. At day 4.5 and 5 of 
stimulation with G-CSF the abrupt decrease of gp130 
expression was observed, which reduced activity of 
the cell preparation and therapy effect. The HSCs and 
HPs harvested according to standard protocol at day 
6 of stimulation did not lead to any clinical effect. We 
received the pool of formed mononuclears with highly 
differentiated and well-diagnosed genuine hematopoietic 
and mesenchymal stem cells, therapeutic effect of 
which is disputable in our case. The cell suspension we 
use for therapy does not contain conventional HSCs, 
although they are assessed in CD34+ gate, when 
evaluated in flow cytometer, the suspension contains 
heterogeneous mixture of mobilized low-differentiated 
precursors, promoting regeneration of nervous system. 
In this technique the dose has no relevance and can 
considerably vary. The standard cell composition is of 
the key importance, reflecting the level and concen
tration of the output of non-differentiated PC at the 
proposed sparing G-CSF stimulation modes in the 
patients with post-traumatic neurologic deficit. The 
proposed individual preparation contains the mixture of 
highly efficient mobilized stem precursor cells of bone 

marrow, including hematopoietic-like cells. To date, 
we are unable to accurately identify what exactly type 
of cells of this pool make the treatment effective, but 
this seems unimportant for the patients and the clinical 
practice. We know that using the proposed method of 
harvest, we receive a standard cell preparation that 
gives a steady, reproducible and progressing clinical 
effect. 

This preparation has no prototype, as well as the 
presence or absence of HSCs (CD34+) is not pivotal. 
Novelty of this preparation is determined by the presence 
of the mixture of non-differentiated cell precursors, 
restoring neurogenesis and regeneration in the damaged 
brain/spinal cord. The researches in cell medicine 
mention the facts of using HSCs to treat multiple 
sclerosis and amyotrophic lateral sclerosis. None of the 
authors used cryopreservation, they applied a single 
bolus injection of stem cell preparation. Our experience 
clearly demonstrated that only multiple and long-term 
(for 5-8 years) administration of the preparation will 
provide the maximal benefit of the existing regenerative 
potential of the cells and the opportunity to restore the 
damaged brain/spinal cord functions. It is the sparing 
4 d long mode of G-CSF administration in the patients 
with neurologic deficit that provides for the harvest of all 
necessary nuclear cell precursors. 

According to our evaluation of long-term outcomes 
of SCI cell therapy, the transplantation of autologous 
HSCs and HPs is an efficient method to repair lost 
functions in SCI patients, and it is not directly dependant 
on the dose and number of autologous HSCs and HPs 
transplantation. The patients with the lesion exceeding 
50% of spinal cord cross-wise and 1 segment long-
wise, and possibly those with moderate CSF circulation 
disorders should be excluded from therapy. Presumably, 
such patients require reconstructive surgical intervention 
with meningoradiculomyelolysis, spine stabilization and, 
possibly, tissue engineering of spinal cord. The HSCs 
and HPs transplantation only will hardly result in the 
restoration of spinal functions in these cases. 

The rehabilitation is a requisite component in the 
therapy of chronic SCI patients. 
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Symptoms Stages of research Control group patients

1 stage 2 stage 3 stage
Increased spasticity    46% 49.9% 54.5% 0
Fever    15%    19% 18.8% 0
Post-puncture headache    11% 14.9% 12.2%     14.9%
High blood pressure    10%   8.1% 14.5% 0
Coordination disturbance   2.3%   1.3%          0 0
Dizziness      2%   3.4%          0       4.2%
Sleepiness   2.1%   1.7%          0 0
Emotional lability   1.6%   1.7%          0 0
Disordered consciousness   1.2%   0.8%   0.8% 0
Meningism   3.7% 2.95%   0.8% 0
Low blood pressure 1.68% 2.95%   5.9% 0
General %  of the patients with complications 63.5% 72.9%    75%      19.1%

Table 4  Clinical symptoms of the complications and side effects in spinal cord injury patients

Bryukhovetskiy AS et al . Long-term effects of cell therapy of SCI



Research of the SCI therapy demonstrated that to 
restore the functions, the conductance along various 
nervous pathways (pyramidal, extrapyramidal, spino
thalamic, etc.) must be restored, and new synaptic 
links between injured segments of spinal cord must be 
established. Under these circumstances, the grey matter 
of spinal cord need not be replaced due to availability 
of cross innervation of dermatomes and myotomes in 
humans. Mere surgery and/or rehabilitation do not lead 
to the expected outcomes, as they do not eliminate the 
main cause of the disorder and do not restore injured 
neural structures of spinal cord. Application of the 
systems of adult stem and PCs confirmed the oppor
tunity to restore spinal cord. The regulatory action of 
the mobilized progenitors, and not their regenerative 
potential, seem to be the main mechanism of functional 
restoration in SCI, activating synaptogenesis in adult 
brain, increasing plasticity of injured neural tissue of SC 
and developing functional neurophysiologic bypass. The 
intensity of HSCs and HPs regulatory potential depends 
on the size of SCI and directly proportional to intact 
neural structures of spinal cord.

The analysis of treatment efficiency depending 
on the level of injury deserves special attention. The 
reason for better clinical restoration at thoracic level 
seems to lie in morphological feature of the spinal cord 
structure and cervical and lumbar intumescence, where 
great number of neurons is located (second motor 
neurons, interneurons, etc.). The SCI at the level of 
intumescences leads to larger damage of spinal cell 
components and more intense pathologic processes; 
hence, the restoration in such cases of SCI is more 
difficult. The axons of motor neurons are located mostly 
at the thoracic level, the bodies of them are found in 
motor cortex of brain, and hence, less number of bodies 
of neural cells is involved into the injury. Restoration 
of the motor functions is associated with the increase 
of regeneration potential of the spinal cord, mainly at 
the level of cortical influence of HSCs and HPs on the 
intact bodies of motor neurons. The mechanism of 
HSCs and HPs effect does not seem to be associated 
with their differentiation into neurons and glial cells of 
SC. Most likely, the regulatory influence of HSCs and 
HPs at the site of SC injury leads to gene expression 
and secretion of neurotrophic factors, entailing growth 
and regeneration of axons in the site of injury and 
restoration of nerve impulse conductance along the 
intact but functionally inactive axons. As a result, the 
available ensembles of neurons are differentiated due 
to the development of new synaptic contacts below and 
above the injury site. The phenomenon is only observed 
when the stem cells are transplanted into the injured 
spinal cord, and it fully agrees with the data offered by 
Snyder[13]. The development of new synaptic links below 
and above injury level can serve as an explanation of 
the clinical results of motor restoration that we have 
observed. 

The analysis of the obtained data indirectly confirms 
the hypothesis of HSCs and HPs influence on axonal 

growth in the site of injury or development of condu
ctance along functionally inactive, but anatomically intact 
fibers, as it is the patients with incomplete injury, who 
demonstrate maximal restoration of motor functions. 
Consequently, incomplete SCI is prognostically more 
favorable for restoration of motor functions of spinal 
cord. However, to obtain representative results the 
clinical data have to be compared depending on the 
level of SCI. In the cases of complete SCI we observed 
intensively restoring functions, too. 

The issue of termination of HSCs and HPs therapy 
of SCI remains important for us. Many patients, who 
have completed 3 year and 6 year courses, insist on 
continuation of the therapy. Their arguments are quite 
simple: “My own cells cannot hurt me and I see steadily 
increasing positive effect from them, so it is harmless 
to continue the therapy”. To date, 15 patients received 
HSCs and HPs transplantation for 8 years on a regular 
basis and no negative effects have been observed either 
at the level of clinical picture, or at the level of thorough 
paraclinical examination. 

Summing up, we can conclude that the method 
is safe, effective and considerably improves the life 
quality of SCI patients. Administration of the autologous 
cell systems of hematopoiesis precursors led to real 
restoration of various movements and improved life 
quality in major part of our patients. About 15 patients 
are able to walk independently or with supporting 
devices, over half of them restored sensation of different 
types and the function of the bowel and bladder. The 
therapy was approved for clinical use as the treatment 
of choice. In terms of the long-term clinical outcomes, 
we can discuss complexity of the processes, observed 
in the central nervous system after SCI and under 
HSCs and HPs therapy, which are often hard to explain 
from clinical point of view. Being limited by the size of 
journal article, we are unable to demonstrate the whole 
range of long-term neurophysiologic and urodynamic 
paraclinical results, and their correlations with the 
mentioned clinical data, but we would be happy to offer 
them in our other works. 

COMMENTS
Background
Contemporary healthcare have greatly improved the survival rates in spinal 
cord injuries (SCI) cases as well as their life expectancy, leading to the 
overall growth of the national economic burden. However, current healthcare 
advances have not led to any breakthrough in restoration of the functions of 
spinal cord after the injury, and ever since the Edwin Smith Papyrus the SCI 
has been classified as the ailment not to be treated. To date SCI is a verdict 
that entails impossibility to return to previous way of life, to restore previous 
working capacity and reproductive functions, resulting in tremendous social 
and economic losses. Inefficiency of the available SCI therapies used to be 
explained by the absence of the regeneration potential in adults, and the 
restoration of the damaged neural cells has been demonstrated only recently. 

Research frontiers
By now, the first steps to develop new restorative therapy of SCI have been 
made, and the cell transplantation is the most obvious choice, although no 
universally acknowledged methods to restore spinal cord after the injury are 
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observed. The methods of transplantation and the types of cells significantly 
vary; the evidence gathered is mostly limited by a one or two years follow 
up. Being involved into stem cell transplantation for SCI for about 25 years in 
research and in clinical practice we have accumulated substantial experience of 
achievements and failures in stem cell therapy. In the current work, the authors 
describe the cell therapy that proved the safest and the most effective both in 
the short-term period and in long-term follow-up.

Innovations and breakthroughs
The method implies multiple long-term transplantations of the preparation of 
hematopoietic stem cells and hematopoietic precursors that was harvested 
from peripheral blood after sparing mode of administration of granulocyte 
colony-stimulating factor. The composition of the applied preparation is 
characterized. The cells are administered intrathecally in a subarachnoid 
space every three months and the transplantation is followed by vigorous 
specialized rehabilitation. The effects are evaluated by conventional indexes 
and tests, including somatosensory evoked potentials tests and urodynamic 
tests, as well as by specifically developed scales. The effects of 20 consecutive 
transplantations for each case are measured.

Applications
The method is safe, effective and is applicable to chronic SCI cases when no 
further restoration of the functions is observed. It considerably improves the life 
quality of the SCI patients. The method received official approval in the Russian 
Federation in 2005 and in 2006 and is recommended as the therapy of choice.

Terminology
Intrathecal transplantation means the infusion of the cells in the subarachnoid 
space in the course of lumbar puncture. 

Peer-review
This is an important manuscript describing the clinical outcome of cellular 
therapy for spinal cord injury.

REFERENCES
1	 Lee BB, Cripps RA, Fitzharris M, Wing PC. The global map for 

traumatic spinal cord injury epidemiology: update 2011, global 
incidence rate. Spinal Cord 2014; 52: 110-116 [PMID: 23439068 
DOI: 10.1038/sc.2012.158]

2	 National Spinal Cord Injury Statistical Center. Spinal cord 
injury facts and figures at a glance. J Spinal Cord Med 2014; 37: 
243-244 [PMID: 24559421 DOI: 10.1179/1079026814Z.00000000
0260]

3	 Noonan VK, Fingas M, Farry A, Baxter D, Singh A, Fehlings 
MG, Dvorak MF. Incidence and prevalence of spinal cord injury 
in Canada: a national perspective. Neuroepidemiology 2012; 38: 
219-226 [PMID: 22555590 DOI: 10.1159/000336014]

4	 DeVivo MJ. Causes and costs of spinal cord injury in the United 
States. Spinal Cord 1997; 35: 809-813 [PMID: 9429259]

5	 Raisman G. Sniffing out new approaches to spinal cord repair. Nat 
Med 2000; 6: 382-383 [PMID: 10742141 DOI: 10.1038/74638]

6	 Huang H, Chen L, Sanberg P. Cell Therapy From Bench to Bedside 
Translation in CNS Neurorestoratology Era. Cell Med 2010; 1: 
15-46 [PMID: 21359168]

7	 Lima C, Escada P, Pratas-Vital J, Branco C, Arcangeli CA, Lazzeri 
G, Maia CA, Capucho C, Hasse-Ferreira A, Peduzzi JD. Olfactory 
mucosal autografts and rehabilitation for chronic traumatic spinal 
cord injury. Neurorehabil Neural Repair 2010; 24: 10-22 [PMID: 
19794133 DOI: 10.1177/1545968309347685]

8	 Zorin VL, Cherkasov VR, Zorina AI, Deev RV. The Characteristics 
of World Market Cell Technologies. Kletochnaya Transplantologiya 
i tkanevaya engineeriya 2010; 3: 96-115 (in Russian)

9	 Bryukhovetskiy AS. Transplantatsiya nervnikh kletok i tkanevaya 
engineeriya mozga pri nervnikh bolezniakh [Transplantation of 
nerve cells and tissue engineering of brain in nerve diseases]. 
Moscow, ZAO Neurovita, 2003: 1-400 (in Russian)

10	 Bryukhovetskiy AS. Travma spinnogo mozga: kletochniye 
tekhnologii v lechenii i reabilitatsii [Spinal cord injury: Cellular 
technologies in the treatment and rehabilitation]. Moscow, 
Prakticheskaya meditsina, 2010: 1-341 (in Russian)

11	 Belova AN. Neiroreabilitatsiya: Rukovodstvo dlya vrachei 
[Neurorehabilitation: A Manual for Physicians]. Moscow: Antiodor, 
2000: 1-736 (in Russian)

12	 Frolov AA, Bryukhovetskiy AS. Effects of hematopoietic 
autologous stem cell transplantation to the chronically injured 
human spinal cord evaluated by motor and somatosensory evoked 
potentials methods. Cell Transplant 2012; 21 Suppl 1: S49-S55 
[PMID: 22507680 DOI: 10.3727/096368912X633761]

13	 Snyder E. Neural stem cells: Developmental insights may suggest 
therapeutic options. Proceedings of the 7th International Congress 
of the Cell Transplant Society; 2004, November 17-20; Boston, 
MA, USA, 2004: 53

P- Reviewer: Liu L, Tanabe S    
S- Editor: Ji FF    L- Editor: A    E- Editor: Jiao XK  

128 September 24, 2015|Volume 5|Issue 3|WJT|www.wjgnet.com

Bryukhovetskiy AS et al . Long-term effects of cell therapy of SCI



Cytomegalovirus reactivation after autologous stem cell 
transplantation in myeloma and lymphoma patients: A 
single-center study

Francesco Marchesi, Fulvia Pimpinelli, Svitlana Gumenyuk, Daniela Renzi, Francesca Palombi, Francesco 
Pisani, Atelda Romano, Antonio Spadea, Elena Papa, Marco Canfora, Fabrizio Ensoli, Andrea Mengarelli

Francesco Marchesi, Svitlana Gumenyuk, Daniela Renzi, 
Francesca Palombi, Francesco Pisani, Atelda Romano, 
Antonio Spadea, Elena Papa, Andrea Mengarelli, Hematology 
and Stem Cell Transplantation Unit, Regina Elena National 
Cancer Institute, 00144 Rome, Italy

Fulvia Pimpinelli, Fabrizio Ensoli, Molecular Virology, Pathology 
and Microbiology Laboratory, San Gallicano Dermatological 
Institute, 00144 Rome, Italy

Marco Canfora, Scientific Direction, Regina Elena National 
Cancer Institute, 00144 Rome, Italy

Author contributions: Marchesi F and Mengarelli A contributed 
to the concept and design of the study; Marchesi F, Gumenyuk S, 
Renzi D, Palombi F, Pisani F, Romano A and Spadea A performed 
the clinical management and data collection; Pimpinelli F and 
Ensoli F performed the virological laboratory studies; Marchesi F, 
Papa E and Canfora M made the data analysis and interpretation; 
Marchesi F wrote the manuscript; Marchesi F and Mengarelli A 
made the final critical revision of the manuscript.

Institutional review board statement: The study was approved 
by the institutional Ethical Committee without a formal document, 
considering that all patients had signed an informed consent 
granting use of sensitive data for scientific purposes at time of 
admission in our Institute.

Informed consent statement: All the patients had signed an 
informed consent granting use of sensitive data for scientific 
purposes at time of admission in our Institute.

Conflict-of-interest statement: No disclosures.

Data sharing statement: No additional data are available. 

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 

work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Francesco Marchesi, MD, Hematology 
and Stem Cell Transplantation Unit, Regina Elena National 
Cancer Institute, Via E. Chianesi 53, 00144 Rome, 
Italy. marchesi.francesco@tiscali.it
Telephone: +39-6-52665022
Fax: +39-6-52662849

Received: May 8, 2015
Peer-review started: May 9, 2015
First decision: June 3, 2015
Revised: June 12, 2015
Accepted: July 7, 2015
Article in press: July 8, 2015
Published online: September 24, 2015

Abstract
AIM: To determine the incidence of and the risk factors 
for cytomegalovirus (CMV) symptomatic infection 
and end-organ disease after autologous stem cell 
transplantation (ASCT).

METHODS: A total of 327 consecutive non CD34+ sel
ected autografts performed from the Hematology and 
Stem Cell Transplantation Unit of Regina Elena National 
Cancer Institute of Rome (Italy) in the period comprised 
between January 2003 to January 2015, were reviewed. 
Over the 327 autografts, 201 were performed in pati
ents with multiple myeloma, whereas the remaining 
126 in patients affected by non-Hodgkin’s lymphoma 
and Hodgkin’s lymphoma. The patients who underwent 
an ASCT for an acute leukemia (n  = 20) in the same 
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undergoing ASCT. Most of cases of CMV reactivation 
are easily manageable but it can be a potentially life-
threatening complication. As for risk factors, a pre-
transplant HBcIgG seropositivity and a diagnosis of 
T-cell non-Hodgkin’s lymphoma should be considered 
as independent risk factors for CMV reactivation after 
ASCT.

Marchesi F, Pimpinelli F, Gumenyuk S, Renzi D, Palombi F, 
Pisani F, Romano A, Spadea A, Papa E, Canfora M, Ensoli F, 
Mengarelli A. Cytomegalovirus reactivation after autologous 
stem cell transplantation in myeloma and lymphoma patients: 
A single-center study. World J Transplant 2015; 5(3): 129-136  
Available from: URL: http://www.wjgnet.com/2220-3230/full/
v5/i3/129.htm  DOI: http://dx.doi.org/10.5500/wjt.v5.i3.129

INTRODUCTION
Cytomegalovirus (CMV) reactivation is not uncommon 
and could determine a CMV-related disease in immuno
compromised patients. CMV disease may involve 
almost any organ, particularly lung and gastrointestinal 
tract. CMV reactivation and end-organ disease after 
allogeneic hematopoietic stem cell transplantation 
has been well studied[1]. On the contrary, hematologic 
patients treated with high-dose chemotherapy and who 
underwent autologous stem cell transplantation (ASCT) 
were historically considered to have a low risk of CMV 
reactivation or end-organ disease. Previous studies 
on lymphoma and myeloma patients suggested an 
incidence of CMV reactivations of about 30%-40% when 
CMV determination was based on polymerase-chain 
reaction (PCR)/antigenemia prospective surveillance 
and of 1%-13% when determinations were performed 
only on the basis of clinical suspicion of infection, with 
a infection-mortality rate that ranged between 0% and 
100%[2-11]. The guidelines of the European Conference 
on Infections in Leukemia (ECIL), published in 2008, 
consider the routine monitoring of CMV unnecessary 
in patients undergoing ASCT because of the low risk 
progression from infection to disease, with the exception 
of patients receiving CD34- selected grafts and prior 
treatment with Fludarabine, Cladribine or Alemtuzumab, 
considering that this setting of patients presented 
a profound alteration of T-cell-mediated immunity 
functional status[12]. However, the recent large use of 
immunotherapeutic drugs for the treatment of lymp
homas and the introduction of proteasome inhibitors in 
the treatment of myeloma has determined an increase 
of viral infections also outside allogeneic transplantation 
setting, as for ASCT. In the last years, some studies 
have been published by our and others groups in order 
to better characterize the incidence of and the risk 
factors for CMV infection in ASCT of both in lymphoma 
and myeloma patients[13-17]. However, considering the 
low number of patients studied and to the multicenter 
nature of some previous studies (potential bias for the 

period were excluded from this analysis. CMV DNA 
load in the blood has been determined by polymerase-
chain reaction in the case of a clinical suspicion of 
reactivation, therefore, no routine monitoring strategy 
was adopted. In the presence of signs and symptoms of 
CMV reactivation an antiviral treatment was performed.

RESULTS: Overall, 36 patients (11%) required a specific 
antiviral treatment for a symptomatic CMV reactivation 
(n  = 32) or an end-organ disease (n = 4). We observed 
20 and 16 cases of CMV reactivation among lymphoma 
(16%) and myeloma patients (8%), respectively. 
Among cases of end-organ disease, 3 were diagnosed 
as interstitial pneumonia and one remaining case as 
hemorrhagic enteritis. All cases of CMV reactivation 
were observed in IgG seropositive patients, with no 
documented cases of primary CMV infection. All patients 
were treated with a specific antiviral therapy, with a 
global rate of hospitalization of 55%; four patients 
received intravenous immunoglobulins. Transplant-
related mortality was significantly higher in patients 
who experienced a CMV reactivation (8.4% ± 4.7% vs  
1.7% ± 0.8%; P  = 0.047). In univariate analysis, a pre-
transplant HBcIgG seropositivity, a diagnosis of T-cell 
non-Hodgkin’s lymphoma and higher median age at 
transplant were significantly associated with the risk of 
developing a clinically relevant CMV infection requiring 
specific antiviral therapy (P < 0.001, P  = 0.042 and P = 
0.004, respectively). In multivariate analysis, only a pre-
transplant HBcIgG seropositivity (OR = 8.928, 95%CI: 
1.991-33.321; P = 0.023) and a diagnosis of T-cell non-
Hodgkin’s lymphoma (OR = 4.739, 95%CI: 1.511-11.112; 
P  = 0.042) proved to be independent predictors of a 
post-transplant clinically relevant CMV reactivation. 

CONCLUSION: A symptomatic CMV infection can 
occur in about 11% of adult patients with lymphoma 
or myeloma undergoing ASCT. A pre-transplant HBcIgG 
seropositivity and a diagnosis of T-cell non-Hodgkin’s 
lymphoma should be considered as independent predictor 
factors of CMV reactivation.

Key words: Cytomegalovirus; Autologous hematopoietic 
stem cell transplantation; Lymphoma; Myeloma; HBcIgG 
seropositivity; Transplant-related mortality

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Data about cytomegalovirus (CMV) reactivation 
in autologous hematopoietic stem cell transplantation 
(ASCT) are limited. We performed a retrospective 
observational study on 327 autografts consecutively 
performed for lymphoma (n  = 126) or myeloma (n  = 
201) patients in our Institution. Aim of the study was 
to determine the incidence of and the risk factors for 
CMV symptomatic infection and/or end-organ disease, 
defined according to published recommendations, and 
the impact on Transplant-Related Mortality. Our data 
show that a symptomatic CMV infection can occur in 
about 11% of adult patients with lymphoma or myeloma 
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heterogeneity of molecular virology laboratories and 
diagnostic strategies), data about this issue are not yet 
conclusive and needed to be validated. Based on these 
findings, the present study aimed to evaluate the risk 
factors for CMV symptomatic reactivation/end-organ 
disease and its impact in transplant-related mortality 
(TRM) in a large cohort of lymphoma and myeloma 
patients who underwent ASCT, under a unique and un
changed diagnostic strategy of this infection.

MATERIALS AND METHODS
Patients 
A total of 327 consecutive non CD34+ selected auto
grafts performed from the Hematology and Stem Cell 
Transplantation Unit of Regina Elena National Cancer 
Institute of Rome (Italy) in the period comprised 
between January 2003 to January 2015, were reviewed. 
Over the 327 autografts, 201 were performed in patients 
with multiple myeloma, whereas the remaining 126 in 
patients affected by non-Hodgkin’s lymphoma (NHL) and 
Hodgkin’s lymphoma. The patients who underwent an 
ASCT for an acute leukemia (n = 20) in the same period 
were excluded from this analysis. Patient characteristics 
at transplant are described in detail in Table 1. All 
patients were treated under a same anti-infectious and 
transfusional policy; in particular, all patients had received 
an antiviral prophylaxis with Valacyclovir and anti-
Pneumocystiis prophylaxis with Cotrimoxazole given from 
the day of transplant until six months after and an anti-
bacterial prophylaxis with Ciprofloxacin from the day of 

transplant until the resolution of severe neutropenia. All 
patients had signed an informed consent granting use 
of sensitive data for scientific purposes. The study has 
been approved by the institutional Ethical Committee.

Criteria for diagnosis of CMV symptomatic infection and 
end-organ disease 
The criteria were based on published recommend
ations[12,18-20]. According to local policy and published 
guidelines[12], CMV DNAemia was determined only upon 
clinical suspicion of post-transplant reactivation, therefore 
no routine monitoring CMV strategy was adopted. 
Clinical suspicion criteria for check CMV DNAemia were 
defined as follows: presence of fever (temperature > 38 
℃) and overt clinical signs of bone marrow suppression, 
and in the absence of concomitant bacterial, viral (i.e., 
HHV-6, EBV, parvovirus B19) or fungal co-infections 
(as demonstrated by clinical examination, thoracic 
computerized tomography, and repeated cultures from 
blood and urine). Bone marrow suppression was defined 
as a delay of neutrophilis and/or platelet recovery from 
ASCT (absence of complete neutrophilis and platelets 
recovery after 14 and 21 d from transplantation, 
respectively) or a drop in neutrophilis and/or platelet 
count after recovery (absolute count of neutrophilis or 
platelets < 1000/mcL or 100000/mcL, respectively, 
or a decrease of at least 30% of the counts in two 
consecutive determinations). CMV symptomatic infection 
was defined as a documented CMV DNAemia, confirmed 
by two consecutive determinations, in presence of 
clinical suspicion criteria of reactivation. CMV end-organ 
disease was defined by the presence of signs consistent 
with CMV infection, as determined by a combination 
of imaging and clinical and histopathological/molecular 
evaluations. In particular, CMV gastrointestinal disease 
was defined by the presence of a combination of clinical 
symptoms from the upper or lower gastrointestinal tract, 
findings of macroscopic mucosal lesions on endoscopy, 
and demonstration of the presence of CMV inclusion 
bodies in the tissue biopsy, further confirmed by positive 
immunohistochemical staining of CMV antigens in tissue 
sections of the gastrointestinal tract. CMV pneumonia 
was defined by the presence of clinical (hypoxemia) 
and radiological signs of interstitial pulmonary disease 
combined with the detection of high viral loads of 
CMV by quantitative PCR in bronchoalveolar lavage 
fluid confirmed by detection of CMV by direct immuno­
staining of alveolar cells[18,20]. Lung tissue biopsies to 
demonstrate the presence of CMV inclusion bodies in 
the tissue biopsy, were not performed considering the 
high risk of complications derived from a pulmonary 
biopsy in patients with a severe respiratory distress 
and a great hemorrhagic risk. In the presence of signs 
and symptoms of CMV reactivation, as above specified, 
an antiviral treatment was performed. The choice of 
antiviral agent to use for symptomatic reactivation 
treatment (Ganciclovir, Valganciclovir, Foscarnet sodium) 
was based on clinical features of the patients at the time 
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Median age (range) 56 (18-72)

Sex, M/F 198/129
Diagnosis
   Multiple myeloma 201 (61)
   B-cell non-Hodgkin's lymphoma   80 (25)
   Hodgkin's lymphoma 27 (8)
   T-cell non-Hodgkin's lymphoma 19 (6)
CMV IgG seropositivity1 304 (93)
HBcIgG serositivity   46 (14)
HCVAb seropositivity1      5 (1.5)
Disease status
   Complete response 205 (63)
   Partial response 114 (35)
   Stable/progressive disease   8 (2)
Prior chemotherapy lines 
      1 185 (57)
      2 120 (37)
 ≥ 3 22 (6)
Prior fludarabine treatment      5 (1.5)
Prior alemtuzumab treatment 0
Conditioning regimen
   BEAM or BEAM-like 126 (39)
   MEL200/MEL100 201 (61)
Median CD34+ infused cells × 106/kg (range) 5.62 (2.36-28.48)

Table 1  Patient characteristics at transplant  n  (%)

1Datum is missing in 2 patients. BEAM: Carmustine, Etoposide, Cytarabine, 
Melphalan; MEL200: Melphalan 200 mg/m2; MEL100: Melphalan 100 
mg/m2; CMV: Cytomegalovirus.
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(8%) of extensive skin involvement by CMV infection, 
presenting as diffuse erythema not determined by 
others causes and promptly resolved after the begin 
of specific antiviral treatment. Median time from the 
transplant and the first detection of viral DNA in blood 
samples was of 33 d (range: 12-77). All cases of CMV 
reactivation were observed in IgG seropositive patients, 
with no documented cases of primary CMV infection. All 
patients were treated with a specific antiviral therapy 
(Table 2), with a global rate of hospitalization of 55%; 
four patients received intravenous immunoglobulins. 
The patients who experienced a symptomatic CMV 
reactivation presented a significant delay in neutrophilis 
and platelets recovery (P = 0.003 and P = 0.001, 
respectively). As for clinical outcome after antiviral 
treatment, 3 patients died, with a global mortality rate 
of 8%. However, we observe only one death directly 
related to CMV (respiratory distress caused by interstitial 
pneumonia), whereas in the others two cases, death 
was caused by gram negative septic shock. Figure 
1 shows the cumulative incidence of 100-d TRM. As 
shown by the curves, TRM was significantly higher in 
patients who experienced a CMV reactivation (8.4% ± 
4.7% vs 1.7% ± 0.8%; P = 0.047). A pre-transplant 
HBcIgG seropositivity, a diagnosis of T-cell NHL and an 
higher age at transplant were associated with the risk of 
post-transplant CMV reactivation, at univiariate analysis 
(P < 0.001, P = 0.042 and P = 0.004, respectively). 
All others baseline analyzed parameters, including sex, 
diagnosis (lymphoma vs myeloma), disease status at 
transplant, previous chemotherapy lines, conditioning 
regimes and median CD34+ infused cells, resulted not 
statistically significant (data not shown). In multivariate 
analysis, a pre-transplant HBcIgG seropositivity (OR 
= 8.928, 95%CI: 1.991-33.321; P = 0.023) and a dia
gnosis of T-cell NHL (OR = 4.739, 95%CI: 1.511-11.112; 
P = 0.042) were independent risk factors for a post-
transplant CMV reactivation.

DISCUSSION
CMV reactivation can be a relevant cause of morbidity 
following ASCT in adult lymphoma and myeloma 
patients. From our survey, 36 over 327 patients (11%) 
were treated for a post-transplant symptomatic CMV 
reactivation. Moreover, we observed 4 cases of end-
organ disease (1%; 3 cases of interstitial pneumonia 
and 1 case of hemorrhagic enteritis). Cumulative 
incidence of TRM was significantly affected by the 
occurrence of a symptomatic CMV reactivation (5-fold 
risen, Figure 1), although only one death was directly 
attributable to CMV (respiratory distress caused by 
interstitial pneumonia), whereas the remaining two 
were caused by a gram negative bacterial co-infection, 
indirectly favored by the graft failure consequent to CMV 
reactivation. The global incidence of CMV reactivation 
and of end-organ disease observed in our study were 
substantially similar to our previously reports[14,15,17], 
but also to the others published studies in which it 

of reactivation.

Quantification of CMV DNA 
Automated nucleic acid sample preparation systems 
NucliSENSeasyMAG® (BioMerieux, Durham, United 
States) has been used for DNA extraction from plasma, 
according to the manufacturer’s instructions. Amplifi
cation for detection and quantification of viral DNA has 
been performed using commercially available real-
time PCR assays (Affigene® CMV Trender diagnostic 
assay), according to the manufacturer’s instructions 
(Cepheid AB, Bromma, Sweden) on a Mx3000P® System 
(Stratagene, La Jolla, CA, United States) until August 
2013 then the analogous Geneproof CMV PCR kit (Czech 
Republic) on SLAN® Real-Time PCR Detection System 
(Shanghai Hongshi Medical Technology Co., Ltd). The 
limit of detection was 88 copies/mL in both kit. 

Statistical analysis 
Data were analyzed by Statistical Package of Social 
Sciences software (SPSS, version 17.0, Chicago, United 
States). Univariate analysis was performed in order to 
identify risk factors for clinically relevant CMV infection 
requiring specific treatment by using χ 2 test (Fisher 
or Pearson) and analysis of variance for categorical 
and quantitative variables, respectively. Two-sided 
P-values below 0.05 were considered to be statistically 
significant for the multivariate analysis. In case of two 
or more significant variables with reciprocal competitive 
effect, only the variable statistically more significant or 
clinically more relevant was included in the final model. 
Binary logistic regression model was used to analyze 
associations between significant baseline characteri
stics and the occurrence of CMV infection. Enter and 
remove limits were 0.05 and 0.1, respectively. TRM 
was estimated with the cumulative incidence method 
considering dead for relapse or other not transplant-
related causes as competing risks. The curves of various 
subgroups were compared using Gray’s test.

RESULTS
Clinical characteristics of patients at transplant are 
described in Table 1. The large majority of patients were 
seropositive for CMV IgG (304/327, 93%) and 46 (14%) 
were HBcIgG seropositive. Most of patients received un 
up-front ASCT (185/327, 57%) and 205 (63%) were 
transplanted in complete remission (CR). Median age at 
transplant was of 56 years (range: 18-72). Overall, 36 
patients (11%) were treated with an antiviral therapy 
for a symptomatic CMV reactivation (n = 32) or an end-
organ disease (n = 4). We observed 20 and 16 cases 
of CMV reactivation among lymphoma (16%) and 
myeloma patients (8%), respectively. The more relevant 
features of reactivation episodes are described in Table 2. 
Among cases of end-organ disease, 3 were diagnosed 
as interstitial pneumonia and one remaining case as 
hemorrhagic enteritis. We observed also three cases 
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has been used a same diagnostic strategy of CMV 
reactivation[5,7-10,21]. Data about the global incidence of 
CMV reactivation from our present study are particularly 

relevant because obtained in a single institution under 
a unique and unchanged strategy of diagnosis of this 
infection. Most of cases of CMV reactivation were 

133 September 24, 2015|Volume 5|Issue 3|WJT|www.wjgnet.com

Clinical and laboratory features No. of cases

Fever (temperature > 38 ℃ persistent at least 60 min)   36 (100%) 
Signs of bone marrow suppression (delay of neutrophilis and/or platelet 
recovery or drop in neutrophilis and/or platelet count after recovery)

35 (97%)

DNAemia positivity (PCR assay)   36 (100%)
End-organ disease (according to published criteria)   4 (11%)
   Interstitial pneumonia 3
   Enteritis 1
Median number of CMV copies at first detection (range)1 895 (188-10120)
Median day from transplant at first detection (range)   33 (12-77)
Pre-transplant CMV IgG seropositivity   36 (100%)
Outcome
Treatment2

   Ganciclovir 8
   Foscarnet sodium 16
   Valganciclovir 12
   Immunoglobulins 4
Need of hospital admission  20 (55%)
Hematological recovery, median (range)3

   Neutrophilis > 500/mcL   14 (10-25)
   Platelets > 20000/mcL   20 (11-88) 
Alive 33 (92%)
Dead (48, 62, 89 d from transplant) 3 (8%)

Table 2  Clinical and laboratory features and outcome of cytomegalovirus reactivation 
episodes requiring specific antiviral treatment (36/327, 11%)

1Limit of detection of PCR testing: 88 copies/mL; 2Foscarnet sodium dosage: 60 mg/kg twice daily 
for 14 d, than 60 mg/kg per day for subsequent 5 d weekly for 2 wk); Ganciclovir dosage: 5 mg/kg 
twice daily for 14 d, than 5 mg/kg per day for subsequent 5 d weekly for 2 wk; Valganciclovir dosage: 
900 mg twice daily for 14 d, than 900 mg/d for subsequent 5 d weekly for 2 wk; 3The occurrence 
of a symptomatic CMV reactivation after ASCT, requiring antiviral treatment, leads to a delay 
in neutrophilis and platelets recovery (P = 0.003 and P = 0.001 respectively). ASCT: Autologous 
hematopoietic stem cell transplantation; CMV: Cytomegalovirus.

Figure 1  Cumulative incidence of 100-d transplant-related-mortality according to occurrence or not of a cytomegalovirus symptomatic reactivation/end-
organ disease (8.4% ± 4.7% vs 1.7% ± 0.8%; P = 0.047). TRM: transplant-related-mortality; CMV: Cytomegalovirus.
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easily manageable, particularly in myeloma patients 
and about one third of cases (12/36, 33%; Table 2) 
were treated with oral Valganciclovir. However, consi
dering that the occurrence of a symptomatic CMV 
reactivation had lead to a delay of neutrophilis and 
platelets recovery or to a graft failure, most of cases 
were treated with intravenous Foscarnet sodium, 
with a global rate of hospital re-admission of about 
50% (Table 2). Our data confirm that lymphoma and 
myeloma patients who underwent an ASCT from CD34- 
non selected cells and not receiving Fludarabine and 
Alemtuzumab prior transplant are at low risk of CMV 
reactivation and a CMV end-organ disease is a rare 
event in this setting. However, it is an important cause 
of morbidity and, despite often easily manageable, 
CMV reactivation is also capable to affect TRM, as 
direct or indirect action. In our opinion, in this setting of 
patients, a prospective monitoring of PCR (surveillance 
strategy) is not recommended in all patients (according 
to ECIL guidelines[12]), but clinicians should be aware 
of this potentially severe complication, especially in 
the presence of post-transplant unexplained fever and 
drop in neutrophilis and platelets count. In this study, 
pre-transplant HBcIgG seropositivity is an independent 
factor able to predict the occurrence of a post-transplant 
CMV reactivation (Table 3). This datum, obtained in 
a larger number of lymphoma and myeloma patients 
and in a single-center setting, confirms our previous 
published results in lymphoma patients[14]. HBcIgG is a 
marker of occult hepatitis B virus (HBV) infection carrier. 
HBV positive patients could be considered as patients at 
risk for CMV reactivation[22,23]. The role of a HBV latent 
co-infection as independent factor for CMV reactivation 
observed in our study has a physiopathologic rationale, 
considering that interactions among some different 
viruses have been demonstrated to have a role in 
the pathogenesis of infections, through mechanisms 
of cross-permissiveness mediated by the immune 
system[14,24-26]. In fact, the mechanisms of virus-virus 
interaction is common and crucial to understanding 
pathogenesis of viral infections; we hypothesized that 
HBV is capable of favoring a CMV co-infection through 
direct interaction of viral molecules, but also trough 
acting on cell-mediate immune system[26]. However, 

contrasting data are recently obtained in allogeneic 
hematopoietic stem cell transplantation by Lin and 
collaborators, that suggest that the underlying HBV 
infection in donors or recipients before transplant 
does not increase the risk of CMV infection and end-
organ disease[27]. Moreover, our data suggest for the 
first time that also a diagnosis of T-cell NHL seems 
to be an independent risk factor for post-transplant 
CMV reactivation in ASCT (Table 3). Although obtained 
on a small number of patients, also this datum is 
not surprising if we consider that CMV reactivation is 
associated with the presence of dysfunctional antigen-
specific CD8+ cells[28] and that T-cell-mediated immunity 
plays a crucial role in the control of latent CMV infection. 
In this point of view, we could hypothesize that the 
impaired T-cell function observed in T-cell NHL is a 
favoring factor for post-transplant reactivation of CMV 
in autografted patients. In conclusion, from our study 
in adult lymphoma and myeloma patients undergoing 
ASCT, three issues may be addressed: (1) The incidence 
of CMV reactivation and end-organ disease are about 
of 11% and 1%, respectively. The occurrence of a CMV 
symptomatic reactivation is often easily manageable 
but is able to affect directly or indirectly the cumulative 
incidence of TRM (5-fold risen); (2) Our data confirm in 
a larger cohort of patients that a pre-transplant HBcIgG 
seropositivity is an independent risk factor for post-
transplant CMV reactivation; and (3) With the caution 
due to limited number of patients, our data suggest for 
the first time that T-cell lymphoma patients could be also 
considered at high risk for post-transplant symptomatic 
CMV reactivation. 

COMMENTS
Background
The introduction of novel immunosoppressive drugs in the treatment of 
hematologic malignancies had lead to an increase of interest for cytome
galovirus (CMV) infection also in setting different to allogeneic transplant. The 
authors reviewed 327 autografts performed in their institution with the aim to 
determine the incidence of and the risk factors for CMV symptomatic infection 
and end-organ disease after autologous stem cell transplantation.

Research frontiers
The search of risk factors of CMV reactivation in this setting of patients could 
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Variables Univariate analysis Multivariate analysis
Occurrence of symptomatic P OR (95%CI) P

infection or end-organ disease
HBcIgG Positive     16/46 (34%) < 0.001   8.928 (1.991-33.321) 0.023

Negative 20/281 (7%)
Diagnosis MM 16/201 (8%)    0.095 1.841 (1.058-5.633) 0.125

Lymphoma   20/126 (16%)
Diagnosis of T-cell NHL Yes       6/19 (31%)    0.022   4.739 (1.511-11.112) 0.042

No   30/308 (10%)
Median age at transplant Years (range) 60 (35-71) vs 52 (18-72)    0.004 2.922 (1.273-6.295) 0.088

Table 3  Risk factors for the occurrence of cytomegalovirus symptomatic reactivation

MM: Multiple myeloma; NHL: Non-Hodgkin’s lymphoma. 
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permit to individuate patients that could beneficiate of a surveillance diagnostic 
strategy of CMV reactivation, and also of a pre-emptive therapy.

Innovations and breakthroughs
This study validated our previous results and for the first time highlighted the 
role of a diagnosis of T-cell non-Hodgkin’s lymphoma as risk factor for post-
transplant CMV reactivation.

Applications
The findings found in this study could be used by clinicians to decide in which 
patients they could adopt a surveillance diagnostic strategy of CMV reactivation 
in autologous hematopoietic stem cell transplantation.

Terminology
Post-transplant CMV symptomatic infection is defined as a documented CMV 
DNAemia, confirmed by two consecutive determinations, in presence of clinical 
suspicion criteria of reactivation (e.g., graft failure or drop in neutrophilis and 
platelets values, fever not explained).

Peer-review
The authors have performed a good study, the manuscript is interesting.
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Abstract
AIM: To analyze the national trends associated with 
body mass index (BMI) and living kidney donation.

METHODS: Forty-seven thousand seven hundred and 
five adult living kidney donors as reported to the Organ 
Procurement and Transplantation Network from 1999 
to 2011 were analyzed using their pre-donation BMI. 
Predictor variables of interest included age, gender, 
ethnicity, relationship, education status, and transplant 
region.

RESULTS: Sixteen thousand nine hundred and seventy-
one of the living kidney donors were normal weight 
(35.6%); 19337 were overweight (40.5%); 9007 were 
mildly obese (18.9%); 1992 were moderate to morbidly 
obese (4.2%). Overweight and mildly obese kidney 
donors have increased through time by 12% and 20% 
every 5 years, respectively (P  < 0.05). Donors 35-49 
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years of age, hispanic males or females and black 
females, those with high school diploma or general 
Education Degree, and biologically related or partner/
spouses were more likely to be obese.

CONCLUSION: Over the past 13 years, the majority 
of living kidney donors have spanned the overweight 
to obese categories. Paralleling the national rise is an 
increase in overweight and mildly obese kidney donors. 
A fair number of moderate to morbidly obese living 
kidney donors are still allowed to donate. 

Key words: Transplantation; Obesity; Donor; Kidney; 
Living

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The obesity epidemic is increasing. This study 
was conducted to analyze the national trends associated 
with body mass index (BMI) and living kidney donation 
using the United Network for Organ Sharing/Organ 
Procurement and Transplantation Network database in 
the United States. Forty-seven thousand seven hundred 
and five adult living kidney donors were analyzed 
according to BMI. Sixty-three point six percent of living 
kidney donors over the past thirteen years have spanned 
the overweight to obese categories. The increase in the 
overweight and mildly obese living kidney donors in our 
study parallels the national increase in obesity trends. A 
fair number of moderate to morbidly obese living kidney 
donors are still allowed to donate. Donors 35-49 years 
of age, hispanic males or females and black females, 
those with high school diploma or general Education 
Degree, and biologically related or partner/spouses 
were more likely to be obese. Care is advised when 
allowing donors in this BMI category to donate due to 
the uncertainty of the long term outcomes. Continued 
awareness and implementation of programs to limit the 
obesity crisis are needed.

Sachdeva M, Rosen LM, Varghese J, Fishbane S, Molmenti EP. 
Weight trends in United States living kidney donors: Analysis 
of the UNOS database. World J Transplant 2015; 5(3): 137-144  
Available from: URL: http://www.wjgnet.com/2220-3230/full/
v5/i3/137.htm  DOI: http://dx.doi.org/10.5500/wjt.v5.i3.137

INTRODUCTION
The obesity epidemic has been increasing over the 
past three decades[1]. Measuring a height, weight, and 
calculating a body mass index (BMI) has been the recom­
mended standard practice by the Organ Procurement 
and Transplantation Network (OPTN) as part of the 
physical evaluation of a potential living kidney donor[2]. 
According to OPTN guidelines, having a BMI greater 
than 35 kg/m2 is considered a relative contraindication 
to be a living kidney donor[3]. Despite this, transplant 

centers across the United States use different criteria in 
determining donor exclusion based on BMI. Based on 
a 2007 United States Transplant Center Survey, twenty 
percent of the transplant centers that were surveyed 
excluded those with BMI greater than 40 kg/m2, fifty 
two percent of United States kidney transplant centers 
excluded donors with BMI greater than 35 kg/m2, ten 
percent of programs excluded those with BMI over 30 
kg/m2, twelve percent had no policy for exclusion, and 
six percent excluded based on BMI if they had other 
cardiovascular risks[4]. 

There is a shortage of living kidney donors. In 1999, 
per OPTN data, there were approximately 4728 living 
kidney donors. Although there has been an increase in 
the number of living kidney donors in the past 10 years, 
there is a downward trend since 2010. The number of 
living kidney donors went from 6278 to 5773 to 5619 to 
5734 during 2010, 2011, 2012, and 2013 respectively[5]. 
These numbers of living kidney donor transplantations 
are not able to keep up with the increasing potential 
kidney recipients on the wait list which currently runs at 
approximately 103627[5]. 

Due to the shortage of living kidney donors, some 
transplant centers may be less stringent on the obesity 
criteria. However, the safety of potential donors must 
come first. Peri-operative and post-operative outcomes 
are concerns with obese kidney donors. Having a BMI 
greater than 35 kg/m2 has been associated with slightly 
longer operative times and overall more peri-opera­
tive complications, such as wound complications[6]. In 
addition, long term outcomes for obese living kidney 
donors are still uncertain[7].

Due to the national shortage of living kidney donors 
and the parallel national increase in obesity, the primary 
aim of our study was to analyze the national temporal 
trends associated with BMI and living kidney donation 
over the past 13 years. In addition, we wanted to 
examine the association between live kidney donor 
BMIs and age, gender, race/ethnicity, relationship to the 
kidney transplant recipient, education status, transplant 
region, and year.

MATERIALS AND METHODS
Adult live kidney donors, over the age of 18 years in 
the United States from January 1st, 1999 to December 
31st, 2011 were analyzed based on the United Network 
for Organ Sharing (UNOS)/OPTN standard transplant 
analysis and research files database. The study was 
performed with approval from the North Shore-LIJ 
Health System institutional review board.

The primary variable of interest was pre-donation 
BMI category. BMI was divided into five categories using 
the World Health Organization classification of obesity: 
Mildly thin was defined as BMI greater than or equal to 
17 kg/m2 and less than 18.5 kg/m2. Normal weight was 
defined as a BMI greater than or equal to 18.5 kg/m2 
and less than 25 kg/m2. Overweight was defined as a 
BMI greater than or equal to 25 kg/m2 and less than 30 
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kg/m2. Mild obesity was defined as a BMI greater than 
or equal to 30 kg/m2 and less than 35 kg/m2. Moderate 
to morbid obesity was defined as a BMI greater than or 
equal to 35 kg/m2. Multinomial logistic regression was 
used to model the outcome of donor BMI category: 
normal, overweight, mild obesity and moderate/
morbid obesity. Due to the smaller number of subjects 
in the mildly thin category, it was excluded from the 
multinomial logistic regression analysis. Normal weight 
category was chosen as the reference.

Predictors of BMI included age category (18-34, 
35-49, 50-65, ≥ 65 years), gender, race/ethnicity 
(White, Black, Hispanic, Asian, Other), education (no 
high school diploma or general education degree (GED), 
high school diploma or GED (GED refers to testing 
that assures that the test taker is at high school level 

academic skills), attended college/technical school, 
associate/bachelor’s degree, graduate degree), relation­
ship to the organ recipient (non-biological, biological, 
partner/spouse), transplant region, and year. For demog­
raphics, descriptive statistics (mean, standard deviation, 
median, interquartile range-IQR, frequencies and 
percents) of demographic factors were used to describe 
the donors. 

BMIs less than 17 kg/m2 or over 45 kg/m2 were 
considered implausible values and most likely to be 
erroneous entries, therefore, donors with BMI values 
outside of the 17 kg/m2 to 45 kg/m2 range were 
excluded. Donors less than 18 years of age or with a 
relationship status of paired exchange, deceased donor 
exchange or domino were excluded. 

All analysis was conducted in SAS version 9.3 (SAS 
Institute, Inc., Cary, NC). Results were considered 
significant at P < 0.05. 

RESULTS
There were a total of 53671 adult living donors who 
donated a kidney between 1999 and 2011. Five 
thousand seven hundred and sixty-four (10.7%) were 
removed due to missing BMI and 202 (0.4%) were 
removed for implausible values (see methods section). 
This resulted in 47705 adult live kidney donors who met 
the inclusion criteria. Characteristics of the live kidney 
donors are listed in Table 1. The average age was 
40.69 ± 11.28 years. Females, whites, and biologically 
related donors comprised the majority of the live kidney 
donors. Few live donors were Asian. The average BMI 
was 26.87 ± 4.38 kg/m2. Sixty-three point six percent 
of living kidney donors had BMI above 25 kg/m2. 25.3% 
of donors had either a high school diploma/GED, and 
22.1% had attended college/technical school.

Of the total donors who met the inclusion criteria, 
398 were mildly thin (0.8%); 16971 were normal 
weight (35.6%); 19337 were overweight (40.5%); 
9007 were in the mild obesity group (18.9%); 1992 in 
the moderate/morbidly obese group (4.2%). Figure 1 
depicts the distribution of living kidney donors by BMI.

As depicted in Figure 2, over time, donors were 
less likely to be in the moderate/morbid BMI category 
as compared to the normal weight BMI category. 
More specifically, with each 5 year period, the odds of 
donors being in the moderate/morbid BMI category as 
compared to the normal weight BMI category decreased 
by 25% (P < 0.05). However, over time, donors were 
more likely to be in the mildly obese and overweight 
BMI categories as compared to the normal weight BMI 
category. More specifically, with each 5 year period, the 
odds of donors being in the mildly obese and overweight 
BMI categories as compared to normal weight BMI 
categories increased by 20% and 12%, respectively, P 
< 0.05.

Results from the multinomial logistic regression are 
summarized in Table 2. Live donor relationship (P < 
0.0001), education (P < 0.0001), region (P < 0.0001) 
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Characteristic (%)

Age
  18-34 31.7
  35-49 44.5
  50-64 22.5
  ≥ 65   1.3
Gender
  Male 40.2
  Female 59.8
Race/ethnicity
  Asian   3.7
  Black 13.3
  Hispanic 14.1
  White 67.5
  Other   1.4
BMI 
  Mildly thin   0.8
  Normal 35.6
  Overweight 40.5
  Mildly obese 18.9
  Moderate/morbid obese   4.2
Living donor relationship
  Biological 61.5
  Spouse/life partner 12.9
  Non-biological 25.6
Education
  No HS diploma or GED   1.8
  HS or GED 25.3
  Attended college/technical school 22.1
  Associate/bachelors degree 19.9
  Graduate degree   8.1
  Unknown 22.7
Region
  1   4.4
  2 14.3
  3   8.8
  4   7.7
  5 18.2
  6   2.6
  7 13.8
  8   6.1
  9   8.1
  10   8.5
  11   7.4

Table 1  Demographic Characteristics of United States living 
kidney donors from 1999-2011

BMI: Body mass index; GED: General education degree; HS: High school.
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Female donors 35-49 years of age had increased odds 
as compared to female donors 50-64 years of being 
moderately or morbidly obese (OR: 1.19, 95%CI: 
1.02-1.40).

Race or ethnicity
Male and female Asian donors had decreased odds as 
compared to all other donors of being obese. Female 

and increasing year (P < 0.0001) were significantly 
associated with donor BMI category. Additionally, 
significant interactions were noted between donor age 
and gender (P < 0.0001), and ethnicity (P < 0.0001).

Age and gender
Male donors (35-49 years, and 50-64 years) were more 
likely to be obese and overweight than younger donors. 
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Figure 1  Distribution of living kidney donors by body mass index, 1999-2011. BMI: Body mass index.
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Figure 2  Percentage of living kidney donors by body mass index over time, 1999-2011.
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Blacks and Hispanics were more likely to be in the obese 
categories. Female Black donors had increased odds as 
compared to female Hispanic donors of being in higher 
BMI categories (moderate/morbid OR: 1.85, 95%CI: 
1.50-2.29, mild OR: 1.61, 95%CI: 1.41-1.83). Male 
Hispanics were more likely to be obese as compared to 
male Black donors.

Relationship status
Biologically related donors and partner/spouse donors 

had increased odds as compared to non-biological 
donors of being obese as compared to normal weight 
donors. Partner/spouse donors had increased odds as 
compared to biological donors of being moderately or 
morbidly obese (OR: 1.22, 95%CI: 1.06, 1.40) and 
mildly obese (OR: 1.10. 95%CI: 1.01, 1.19).

Education
Donors with a High School (HS) diploma or GED 
had increased odds as compared to donors with an 
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Weight category Moderate/morbid Mild obese Overweight

vs  normal weight obese OR (95%CI) OR (95%CI) OR (95%CI)
Relationship 
  Biological 1.34 (1.19, 1.51)a 1.19 (1.11, 1.27)a 1.08 (1.03, 1.14)a

  Partner/spouse 1.64 (1.39, 1.93)a 1.31 (1.19, 1.43)a 1.18 (1.09, 1.27)a

  Non-biological Ref. Ref. Ref.
Age x gender
  Males
    18-34 yr Ref. Ref. Ref.
    35-49 yr 1.65 (1.38, 1.97)a 1.84 (1.67, 2.02)a 1.82 (1.69, 1.97)a

    50-64 yr 1.32 (1.04, 1.69)a 1.76 (1.56, 1.98)a 1.78 (1.61, 1.96)a

  ≥ 65 yr 1.40 (0.66, 2.97) 1.47 (0.99, 2.16) 1.40 (1.03, 1.92)a

  Females
    18-34 yr Ref. Ref. Ref.
    35-49 yr 1.03 (0.90, 1.17) 1.30 (1.20, 1.41)a 1.23 (1.15, 1.32)a

    50-64 yr 0.86 (0.72, 1.02) 1.21 (1.10, 1.33)a 1.43 (1.33, 1.55)a

  ≥ 65 yr 0.51 (0.25, 1.04) 0.73 (0.52, 1.04) 1.27 (1.01, 1.61)a

Ethnicity/race x gender 
  Males
    Asian 0.31 (0.18, 0.55)a 0.22 (0.17, 0.30)a 0.49 (0.42, 0.58)a

    Black 1.18 (0.95, 1.46) 0.99 (0.87, 1.12) 0.84 (0.76, 0.93)a

    Hispanic 1.46 (1.16, 1.85)a 1.34 (1.18, 1.52)a 1.21 (1.09, 1.35)a

    White Ref. Ref. Ref.
    Other 1.60 (0.85, 3.00) 1.23 (0.84, 1.79) 1.13 (0.82, 1.54)
  Females
    Asian 0.15 (0.07, 0.30)a 0.33 (0.26, 0.42)a 0.54 (0.47, 0.63)a

    Black 2.75 (2.36, 3.22)a 2.41 (2.17, 2.66)a 1.82 (1.66, 1.99)a

    Hispanic 1.49 (1.24, 1.78)a 1.50 (1.35, 1.66)a 1.49 (1.37, 1.62)a

    White Ref. Ref. Ref.
    Other 2.06 (1.34, 3.17)a 1.83 (1.40, 2.41)a 1.57 (1.25, 1.99)a

Education
  No HS diploma or GED Ref. Ref. Ref.
  HS or GED 2.03 (1.26, 3.28)a 1.08 (0.88, 1.32) 0.91 (0.77, 1.07)
  Attended college/technical school 1.91 (1.18, 3.10)a 1.02 (0.83, 1.26) 0.93 (0.79, 1.10)
  Associate/bachelors degree 1.40 (0.86, 2.28) 0.80 (0.65, 0.99)a 0.80 (0.67, 0.94)a

  Graduate degree 1.04 (0.62, 1.73) 0.61 (0.49, 0.76)a 0.67 (0.56, 0.80)a

  Unknown 1.84 (1.14, 2.98)a 1.03 (0.84, 1.27) 0.92 (0.77, 1.08)
Region
    1 1.18 (0.88, 1.57) 1.26 (1.08, 1.48)a 1.14 (1.01, 1.29)a

    2 1.23 (0.99, 1.52) 1.09 (0.97, 1.23) 0.99 (0.90, 1.08)
    3 1.08 (0.85, 1.37) 1.19 (1.05, 1.36)a 1.13 (1.02, 1.25)a

    4 1.51 (1.19, 1.90) 1.46 (1.28, 1.66)a 1.15 (1.03, 1.28)a

    5 0.78 (0.63, 0.97)a 0.99 (0.88, 1.11) 0.99 (0.91, 1.09)
    6 0.85 (0.58, 1.26) 0.98 (0.81, 1.19) 1.07 (0.92, 1.24)
    7 1.49 (1.21, 1.83)a 1.31 (1.17, 1.47)a 1.03 (0.94, 1.13)
    8 0.71 (0.53, 0.95)a 0.92 (0.79, 1.06) 1.04 (0.93, 1.16)
    9 Ref. Ref. Ref.
  10 1.30 (1.03, 1.64)a 1.33 (1.17, 1.52)a 1.13 (1.02, 1.26)a

  11 1.06 (0.83, 1.35) 1.23 (1.08, 1.41)a 1.11 (0.99, 1.23)
Year 0.75 (0.69, 0.80)a 1.20 (1.15, 1.25)a 1.12 (1.08, 1.15)a

aP < 0.05

Table 2  Multinomial logistic regression models predicting moderate/morbid obesity (body mass index 35 or greater), mild obesity 
(body mass index 30 to less than 35) and overweight (body mass index 25 to less than 30) as compared to normal body mass index

BMI: Body mass index; GED: General education degree.
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associate/bachelor’s degree and donors with a graduate 
degree of being moderately or morbidly obese (OR: 
1.45, 95%CI: 1.25-1.68 and 1.96, 95%CI: 1.60-2.45, 
respectively) and mildly obese (OR: 1.35, 95%CI: 
1.25-1.46 and 1.77, 95%CI: 1.58-1.97, respectively). 
Donors who attended college or technical school had 
increased odds as compared to donors with an associate 
or bachelor’s degree and donors with a graduate 
degree of being moderately or morbidly obese (OR: 
1.37, 95%CI: 1.17-1.59 and 1.85, 95%CI: 1.47-2.32, 
respectively) and mildly obese (OR: 1.28, 95%CI: 
1.18-1.39 and 1.68, 95%CI: 1.50-1.87, respectively) 
as compared to normal weight. 

Region
To help organ procurement, allocation, and trans­
plantation, the United States is divided into 11 different 
UNOS regions. These regions correspond to some 
extent to the United States Census regions. There was 
a significant association between region and donor 
BMI. Region 9 had reduced odds as compared to other 
regions of having donors in higher BMI groups. Region 
4 and Region 7 were more likely to have donors in the 
higher BMI groups.

DISCUSSION
Obesity is an increasing epidemic in the United States[8,9]. 
Sixty-three point six percent of living kidney donors in 
the past thirteen years have spanned the overweight to 
obese categories. The increase in the overweight and 
mildly obese living kidney donors in our study parallel 
the national increase in obesity trends. 

Of concern is that obesity can be associated with an 
increased risk of hypertension, impaired fasting glucose, 
diabetes mellitus, dyslipidemia, metabolic syndrome, 
coronary artery disease, sleep apnea, and nonalcoholic 
fatty liver disease as well as an increased risk for 
certain cancers and indirectly through co-morbidities 
such as diabetes and hypertension, can lead to chronic 
kidney disease[10]. At five year follow up, Kramer et 
al[11] found that overweight and obese individuals 
had 20% and 40% risk of developing chronic kidney 
disease. Having a higher baseline BMI can serve as an 
independent risk factor for end stage kidney disease[12]. 
The long term effects of obesity on the solitary kidney 
of a kidney donor are still uncertain[7]. This risk factor 
increases the risk of developing other co-morbid con­
ditions such as diabetes mellitus, hypertension, or 
even proteinuria which can together compromise the 
function of their solitary kidney. Since more than half 
of the living kidney donors in the past decade fall in the 
category of overweight or obese, concerns regarding 
post donation outcome should be taken into account. 
Obese donors should be counseled regarding their long 
term risk of developing the various aforementioned co-
morbid conditions and regarding implementation of 
lifestyle modifications to try to decrease their risk. Due 
to the different BMI criteria of exclusion at different 

transplant centers, analysis revealed 1992 donors 
who were moderately to morbidly obese. Although 
a low net percentage of 4.2%, special concern and 
follow up should be dedicated to this subpopulation 
as they are likely to be of highest risk for subsequent 
co-morbidities. Short term outcomes of obese living 
kidney donors have shown increased wound related 
complications and longer operative times[6,13]. A recent 
meta-analysis found that operative duration, rise in 
serum creatinine, and conversion rate from laparoscopic 
donor nephrectomy to open procedure favored the 
lower BMI than higher BMI group[14]. Six months to one 
year follow up did not show any significant differences 
in renal function, creatinine levels, microalbuminuria, or 
hypertension when obese kidney donors were compared 
to their non-obese counterparts[6,15-17]. Still uncertain 
are the very long term outcomes in obese living kidney 
donors. At a mean of 11 year follow up, obese donors 
had an increased risk of developing hypertension and 
dyslipidemia, two important risk factors for coronary 
artery disease, however these were not found to be 
exacerbated by nephrectomy[17]. 

When a potential kidney donor comes for evaluation, 
certain donor demographics should be taken into 
consideration. For the obese kidney donor, especially in 
the 35-49 years old category cumulative donor health 
risk, may be increased throughout time. Biologically 
related and partner/spouses were more likely to be 
in the obese donor categories. This trend may be a 
reflection of the donors’ willingness to do good for that 
close family member or loved one, blunting concern 
about themselves and their potential risks associated 
with their BMI. 

Black and Hispanic females and Hispanic males were 
more likely than Whites and Asians to be obese donors. 
Our findings for males in regard to ethnicity deviated 
from the national trends. Among those greater than 20 
years old, data from NHANES reveals that Non-Hispanic 
blacks have the highest age-adjusted rates of obesity 
(49.5%) compared with Mexican Americans (40.4%), 
Hispanics (39.1%), and non-Hispanic whites (34.3%)[18]. 
In our study, however, Hispanic males were more likely 
to be in the obese groups when compared to Blacks. 
Hispanic females were less likely to be in the obese 
groups when compared to Black females. This trend 
in the male Black population could be due to fact that 
Blacks were being excluded in the predonation period. 
Many Black obese donors may nevertheless end up 
being excluded because of obesity-related complications 
that have already developed prior to donation. In fact, 
in the pre-donation period, the majority of moder­
ately to morbidly obese potential living kidney donors 
who were excluded were Black[19]. Of further concern 
is that Hispanics and Blacks are at highest risk for 
hypertension and kidney disease. Being of Hispanic 
ethnicity, increased the risk of end stage renal disease 
and progression of end stage renal disease, partially 
explained by higher prevalence of diabetes in this 
group[20]. Blacks as well have a higher prevalence of 
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ESRD[17,21]. Informed consent and risk stratification of 
these donors in the predonation evaluation period is 
imperative.

The UNOS/OPTN database is the only national 
database for living kidney donors. As with all databases, 
there are limitations. There can be under reporting 
and missing donor data as well as inaccurately entered 
data. Ten point seven percent of the total donors 
had missing BMI and less than 1% had implausible 
data entries as discussed in the methods section. A 
strength is the large number of living kidney donors 
and the diversity of donors in the database. Another 
limitation of this study is that the database does not 
capture how many potential living kidney donors were 
excluded due to obesity or obesity related complications 
in the predonation evaluation period, as more than 
fifty percent of United States transplant centers are 
excluding those with BMI greater than 35 kg/m2. Prior 
studies have shown that obesity is serving as a potential 
barrier to kidney donation[19,22]. Although we do see 
an upward trend in the overweight and mildly obese 
paralleling the national trend, knowing this predonation 
information would allow us to demonstrate an accurate 
trend of kidney donors in this higher BMI category.

The obesity epidemic is affecting the living kidney 
donor population. Paralleling the national rise, there is 
an increase in the overweight and mildly obese kidney 
donors. In addition, there still remains a small number 
of moderate to morbidly obese donors who are allowed 
to donate. Care is advised when allowing donors in this 
BMI category to donate due to the uncertainty of the 
long term outcomes. On a national level, continued 
awareness and implementation of programs to limit the 
obesity crisis are needed. 
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COMMENTS
Background
The obesity epidemic has been increasing over the past three decades. 
Transplant centers across the United States use different criteria in determining 
donor exclusion based on body mass index (BMI). There is a national shortage 
of living kidney donors. Due to the shortage of living kidney donors, some 
transplant centers may be less stringent on the obesity criteria. However, the 
safety of potential donors must come first. Long term outcomes for obese 
living kidney donors are still uncertain. The primary aim of the study was to 
analyze the national temporal trends associated with BMI and living kidney 
donation over the past 13 years. In addition, the authors wanted to examine the 
association between live kidney donor BMIs and age, gender, race/ethnicity, 
relationship to the kidney transplant recipient, education status, transplant 
region, and year.

Research frontiers
This study allows us to see the temporal trend of BMI and living kidney 
donation. It highlights certain donor characteristics which should be taken into 
account when a potential kidney donor is evaluated. Since most of the living 
kidney donors fall in the overweight or obese categories, hence contributing 
to the majority of the living kidney donor encounters, and due to uncertain 
long term outcomes in the obese living kidney donor, this study highlights 
the importance of discussing all possible long term co-morbidities and 
complications associated with obesity during an initial donor evaluation.

Innovations and breakthroughs
By analyzing the temporal trend of BMI and living kidney donation, the authors 
were able to determine where the authors stand in relationship to the obesity 
epidemic. The authors found that 63.6% of living kidney donors over the past 
thirteen years have spanned the overweight to obese categories. The increase 
in the overweight and mildly obese living kidney donors in the study parallels 
the national increase in obesity trends. Seeing that more than half of the living 
kidney donors fall in the overweight to obese categories, something needs to 
be done to address the obesity epidemic. In addition, there were 1992 in the 
moderate/morbidly obese group who were allowed to donate. Although a low 
net percentage of 4.2%, special concern and follow up should be dedicated to 
this subpopulation as they are likely to be of highest risk for subsequent co-
morbidities. In addition, the authors found that donors 35-49 years of age, 
hispanic males or females and black females, those with high school diploma 
or general education degree, and biologically related or partner/spouses were 
more likely to be obese. These certain donor demographics should be taken 
into account when a potential kidney donor comes in for evaluation.

Applications
The authors see that more of the donors are overweight and obese and still 
there are a minority of kidney donors who are moderate to morbidly obese. 
Caution should be taken when allowing these donors to donate due to uncertain 
long term kidney donation outcomes in this subpopulation. The first priority in 
donor evaluation should be to assess safety and to discuss all potential long 
term comorbidities and complications with this subpopulation. In addition, a call 
for national and international programs is needed to stop the obesity epidemic. 
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This is a well written paper.
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