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Abstract: Non-myeloablative allogeneic stem cell transplantation (NST) has been one of the most exciting developments 

in the treatment of hematologic malignancies in the last years. Since 1999, we have chosen to employ in México a regi-

men to conduct NST, introducing some changes with the main goal of decreasing the cost of the procedure and in turn, 

making it available to a larger number of patients in developing countries. Using this method we have done over 400 al-

lografts in Latin American patients with different both malignant and non-malignant diseases: Chronic myelogenous leu-

kemia, acute myelogenous leukemia, acute lymphoblastic leukemia, myelodysplasia, thalassemia major, relapsed Hodg-

kin´s disease, Blackfan-Diamond syndrome, adrenoleukodystrophy, Hunter´s syndrome, aplastic anemia and several solid 

tumors. In the whole group, the median granulocyte recovery time to 0.5 x 10
9
/L was 13 days, whereas the median platelet 

recovery time to 20 x 10
9
/L was 12 days. Around one third of the patients did not need red blood cell transfusions and also 

one third did not need platelet transfusions. In more than 70% of cases the procedure could be completed totally on an 

outpatient basis. The follow up time of the patients ranges between 30 and 2000 days. Approximately 50% of the al-

lografted individuals have developed acute graft versus host disease (GVHD), whereas around 30% developed chronic 

GVHD. The median post-allograft overall survival (SV) has not been reached and the 2000 day overall SV is 54%, the 

100-day mortality being 16%. In the whole group of patients, the median cost of each NST was 18 000 USD, a figure 

which contrasts with that informed from developing countries. More than 95% of the patients who were allografted in 

México and Latin America using this method could not have afforded the cost of a conventional or more expensive stem 

cell transplant; accordingly, this procedure has enabled doctors in México and Latin America to offer this therapeutic ap-

proach to a larger number of individuals. 

INTRODUCTION 

 Over the last decades, Latin America has undergone a 
radical social, economical and demographic transformation. 
Non communicable diseases such as cancer are now a lead-
ing cause of death; the growth in the number of patients with 
cancer, unfortunately has not been paralleled by the increase 
of resources devoted to health. Sophisticated cancer treat-
ments such as bone marrow transplantation was accessible to 
a minority of patients, mainly because of its cost. In the last 
ten years, by means of breaking several dogmata, we have 
been able to offer this therapeutic modality to patients in 
México and Latin America who could not have afforded it. 

a) The Dogmata 

 Dogmata are principles, maxims or tenets; settled opin-
ions adopted through authority instead of reason or experi-
ence. The progress and evolution of knowledge has very 
frequently relied on the breakage of dogmata [1]. Histori-
cally, the development of allogeneic hematopoietic stem 
cells (HSC) transplantation has relied on high dose myeloab-
lative chemo or radiotherapy with three main dogmatic 
goals: 1) To eradicate underlying disease, 2) to create bone 
marrow space for the incoming HSC, and 3) to suppress the  
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recipient´s immune system in preparation for the allograft so 
that rejection of the donor stem cell graft does not occur [2].  

b) The Broken Dogmata 

 The evolution of knowledge has proven that the first two 
above mentioned dogmata were wrong. In 1978, Odom et al. 
[3] described two patients with acute lymphoblastic leuke-
mia who achieved a remission as a result of the development 
of graft versus host disease (GVHD). The concept of "graft 
versus leukemia" effect was then introduced. Later on, re-
searchers from the group of the Nobel-Laureate, Dr. E. Don-
nall Thomas in Seattle, U.S.A, published a paper on the anti-
leukemic effect of the GVHD [4]; this publication is now 
considered as one of the landmark papers in hematology of 
the twentieth century [5]. The documentation that donor-
lymphocyte infusions (DLI) with no additional chemother-
apy following induction of host versus graft unresponsive-
ness resulted in remission, thus suggesting that once given 
the chance by prevention of rejection, alloreactive lympho-
cytes can eliminate leukemia, a concept entertained by Kolb 
et al. [6] and Slavin et al. [7, 8] was followed by focusing on 
durable engraftment of lymphocytes rather than myeloabla-
tion of tumor cells, resulting in the development of the non-
myeloablative stem cell transplantation (NST) methods start-
ing in Jerusalem and then in Houston [9, 10]. Accordingly, it 
is now well known that the anti-tumor effect of the GVHD 
induced by HSC allografts is responsible for the control of 
certain malignancies, and that HSC create their own marrow 
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space through GVHD reactions [5-17]. We have learned that 
certain malignancies are more susceptible than others to the 
graft versus tumor effect; for example: Chronic myelogenous 
leukemia is substantially more sensitive to this effect than 
acute lymphoblastic leukemia [13, 14], this being probably 
one of the reasons of the different results obtained when al-
lografting individuals with these diseases. 

c) The Consequences of Breaking Dogmata 

1) Having proved that the graft versus tumor effect is 
responsible for the control of certain malignancies in 
individuals given allogeneic HSC grafts the obvious 
question was: It is possible to induce graft versus tu-
mor effect by allogeneic HSC without producing a 
severe damage to the recipient´s bone marrow, im-
mune system and other organs? The answer to this 
question is yes; it is now well known that current in-
tensive and toxic cytoreductive conditioning therapy 
can be replaced by nonmyeloablative immunosup-
pression to facilitate allogeneic engraftment; in lieu of 
intensive chemotherapy before transplantation, en-
grafted donor T cells are used to accomplish the task 
of eradicating the host´s malignant cells [5-19].  

2) Widespread application of HSC transplantation had 
been limited by the toxicity associated with the mye-
loablative conditioning regimens. In attempts to 
achieve maximal tumor eradication, conditioning 
regimens had been intensified to a point at which se-
rious nonhematopoietic organ toxicities were com-
mon and resulted in morbidity and mortality [19]. In 
addition, the pancytopenia induced by the high-dose 
regimens carries the risks of serious and even lethal 
infections despite the use of prophylactic broad-
spectrum antibiotics; even more, the regimen-related 
toxicity, particularly to the gut, liver and kidney, fre-
quently restricts the ability to give optimal post-
grafting immunosuppression therapy, which is neces-
sary to avoid GVHD. As a result, at most transplant 
centers, the severity of the complications from mye-
loablative chemotherapy and allografts had limited 
their use to relatively young and strong individuals 
aged less than 50 or 55 years. Stemming from the fact 
that former intensive and toxic cytoreductive condi-
tioning therapy can be replaced by nonmyeloablative 
immunosuppression to facilitate allogeneic engraft-
ment, it is now possible to allograft individuals aged, 
debilitated or with comorbidities [5-19].  

3) Another salient point which is frequently overlooked 
in papers dealing with bone marrow transplantation 
coming from developed countries is the cost of the 
procedure. In our experience (vide infra), non-
myeloablative stem cell transplantation (NST) is sub-
stantially cheaper than conventional ablative stem cell 
allografting [17,19-31]; as a result, allogeneic HSC 
can be offered now to more patients as a therapeutic 
option, this observation being critical for individuals 
living in developing countries, such as most inhabi-
tants in Latin America. The fact that over two thirds 
of the inhabitants of the world live in developing 
countries should not be forgotten.  

 

d) The ways of Breaking these Dogmata 

 Many transplantation groups have reported encouraging 
results using a number of reduced-intensity or non-
myeloablative conditioning regimens for patients with hema-
tological malignancies and solid tumors [6-17]. Different 
approaches have been used to conduct NST: The Jerusalem 
approach, the Houston approach, the Bethesda approach, the 
Genoa approach, the Boston approach, the Seattle approach, 
the Dresden approach, the London approach and the Mexi-
can approach [32, 33]; all these approaches address the im-
munosuppressive effect more than the myeloablative effect 
of the conditioning regimens. 

e) The Mexican way to Break these Dogmata 

 In 1999, we elected to employ a regimen to conduct 
NST, based in those employed in Jerusalem [7], Houston [6] 
and Genoa [34], introducing some changes with the main 
goal of decreasing the cost of the procedure. The salient 
changes of our approach are: 

1) Use of Cheapest Available Drugs 

 Since both intravenous melphalan and anti-thymocyte 
globulin are expensive and unavailable in México, we chose 
to use available and affordable drugs by means of the follow-
ing scheme: Oral busulphan, 4 mg / Kg on days - 6 and - 5; 
i.v. cyclophosphamide, 350 mg / m

2
 on days - 4, - 3 and - 2; 

i.v. fludarabine, 30 mg / m
2
 on days -4, -3 and -2; oral cy-

closporin A (CyA) 5 mg / Kg was started on day - 1 and i.v. 
methotrexate 5 mg / m

2
 was delivered on days + 1, + 3, + 5 

and + 11 [7, 18,19]. 

2) Tailored Number of Apheresis Sessions 

 We employed initially three sessions of apheresis to ob-
tain peripheral blood HSC from the donors [18], but we 
learned afterwards that, with the goal of obtaining between 1 
and 6 x 10

6
 viable CD34 cells/Kg of recipient´s body weight 

[12] we could cut down the number of sessions of apheresis 
to a median of two (range 1 to 4), thus diminishing costs of 
the procedures and of the disposable apheresis sets. 

3) Elimination of Prophylactic Ganciclovir and Intrave-

nous IgG 

 Probably as a result of the reduced bone marrow damage 
during NST, the prompt recovery of both the hematopoiesis 
and immune function in this type of allografts and the use of 
peripheral blood, there is a very low prevalence of cy-
tomegalovirus (CMV) disease despite a high prevalence of 
CMV infection in these individuals. Using a pre-emptive 
approach for the therapy of CMV, we have faced no CMV-
related deaths in patients given NST using our method [21] 
and have elected to eliminate the prophylactic use of both 
ganciclovir and intravenous IgG, thus reducing costs; it is 
interesting that other NST schedules including anti-CD52 
monoclonal antibody are related to higher prevalences of 
CMV disease and mortality [21]. 

4) Outpatient Conduction 

 Since the duration of both granulocytopenia and throm-
bocytopenia during NST is shorter than those during autolo-
gous stem cell transplants or during myeloablative chemo-
therapy, we elected to conduct NST on an outpatient basis 
provided that certain conditions are fulfilled: Only patients 
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asymptomatic, fully active, able to stay in their homes, with 
relatives or friends or in nearby-hotels, and with a fair educa-
tional level can be offered this program; fundamental to the 
success of this approach is the availability of a 7 day-a-week 
clinic where medications and transfusions can be rapidly and 
efficiently provided [23, 27]. In our experience in 193 pa-
tients, only 22% were hospitalized, mainly because the de-
velopment of fever or mucositis. Normal complete blood 
count and Karnofsky >70% are values that reliably predict 
whether an outpatient stem cell transplant can be success-
fully completed [39]. Interestingly, we also found that the 
long-term disease free survival of the patients that were al-
lografted on an outpatients basis was significantly better 
thatn that of those who were admitted to the hospital [39]. 

5) Reduced Number of Blood Products Transfusions 

 Stemming also from the prompt recovery of the bone 
marrow, NST can be conducted in some instances without 
transfusion of blood products. In our experience, approxi-
mately one out of three individuals does not need red blood 
cells or platelets transfusions: The median of transfused red 
blood cells units is 6, range 0-19, whereas the median of 
platelet transfusion sessions was 2, range 0-5. Around thirty 
percent of the patients given NST using our method do not 
require red blood cells nor platelet transfusions at all [25, 
26]. It is obvious that this policy results in decreases of both 
costs and risks derived from exposure to human blood de-
rivatives. Accordingly, “transfusion-free” (bloodless) al-
lografts, can be accomplished [25, 26].  

6) Reduced Donor-Lymphocyte Infusions 

 Donor lymphocyte infusions (DLI) are delivered only if 
the patients, on day 30, have not displayed either of the fol-
lowing: evidence of partial or complete chimerism [23], graft 
versus host disease or molecular remission of the malig-
nancy. As a result of this policy, less than 5 % of the patients 
need late DLI, thus diminishing costs as well. 

RESULTS 

 Using the “Mexican method” to conduct allogeneic bone 
marrow transplantation, we have conducted in Latin America 
over 400 allografts in patients with different diseases: 
Chronic myelogenous leukemia (CML), acute myelogenous 
leukemia, acute lymphoblastic leukemia, myelodysplasia, 
thalassemia major, relapsed Hodgkin´s disease, Blackfan-
Diamond syndrome, adrenoleukodystrophy, Hunter´s syn-
drome, aplastic anemia and several solid tumors. In the 

whole group, the median granulocyte recovery time to 0.5 x 
10

9
/L was 13 days, whereas the median platelet recovery 

time to 20 x 10
9
/L was 12 days. Around one third of the pa-

tients did not need red blood cell transfusions and also one 
third did not need platelet transfusions [25, 26]. Around 80% 
of cases the procedure could be completed tgotally on an 
outpatient basis. The follow up time of the patients ranges 
between 30 and 2000 days. Using chimerism studies, around 
8% of individuals failed to engraft and, since the preparative 
regimen is non-myeloablative, all these patents recovered 
endogenous hematopoiesis. Approximately 50% of the al-
lografted individuals developed acute GVHD, and 30% 
chronic GVHD. The median post-allograft overall survival 
(SV) has not been reached and the 2000 day overall SV is 
54%. The 100-day mortality is 16% The best results with our 
method have been obtained in CML, whereas the worst were 
obtained in ALL; these differences may stem from the sensi-
tivity of these diseases to the graft versus leukemia effect. 
The Table 1 summarizes some of the results obtained in pa-
tients with different hematological disease, using the “Mexi-
can approach” to conduct non-ablative stem cell allografting.  

 In the whole group of patients, the median cost of each 
NST was 18 000 USD [20, 28], a figure which contrasts with 
that informed from the United States of America, where a 
bone marrow transplantation using conventional allografting 
has a median cost of 300 000 USD [2]. As an example, it is 
clear that, nowadays, with the cost of imatinib along a 200-
day period, a CML patient can be allografted using our 
method [24, 29], this being the main reason why we have 
allografted CML patients in developing countries [24, 29]. 

 Having allografted more than 400 individuals in México 
using the “Mexican” method to conduct NST, we are now 
analyzing the results of our procedure in several diseases: 

 In the case of chronic myelogenous leukemia, we pub-
lished initially a paper of 21 CML patients in different 
phases of the disease, alografted in two institutions in 
México (Centro de Hematología y Medicina Interna de Pue-
bla – CHMI – and Hospital Universitario de Monterrey – 
HUM - ) ; in this study we found a 750 day overall SV of 
60% [24]. Later on, in a group of 24 CML patients only in 
first chronic phase, recruited in a collaborative Group (Latin-
American Cooperative Onco Hematology Group – LA-
COHG - ) with patients from six institutions located un four 
Latin American countries (México, Venezuela, Brasil, and 
Colombia), we obtained an 830-day disease free SV of 92% 
[29]; it was clear that the results were better allografting 

Table 1. Some Features of the Allografted Patients, According to the Diagnosis 

Diagnosis n Age, years Overall survival Reference 

 (median, range) 

CML, AP 21 43 (20-61) 60% @ 750 days 24 

CML, CP 24 41 (10-71) 92% @ 830 days 29 

AML, CR2 24 35 (12-56) 66% @ 860 days 30 

ALL, CR2 or > 43 19 (1-55) 31% @ 1100 days 32 

AA 24 25 (4-65) 91% @ 1500 days 35 

CML = Chronic myelogenous leukemia, AP = all phases, CP = chronic phase; AML = acute myelogenous leukemia, CR = Complete remission; ALL = acute lymphoblastic leuke-
mia; AA = aplastic anemia. 
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CML patients in first chronic phase. Recently, we have 
shown that, despite the fact that drug treatment is superior to 
allografting as first-line therapy in chronic myeloid leukemia 
in developed countries, allografting has still a relevant role in 
circumstances of limited resources, present in over 50% of 
the inhabitants of the world, where economic considerations 
can not be overlooked; cost considerations in this scenario 
may favor allo-SCT as a one-in-a-life-time procedure in 
which lifelong drug treatment with an expensive drug repre-
sents an excessive burden on resources. While allografting 
initial cost may be higher both to the society and the individ-
ual, it may still have a better lifetime economic value [67, 
68]. 

 In the case of acute myelogenous leukemias, in a collabo-
rative study in three Mexican institutions: CHMI, HUM and 
Centro Médico la Raza (CMR) of the Instituto Mexicano del 
Seguro Social, in a group of 24 AML patients in different 
stages of the disease (first, second and third remission) we 
found an 860-day SV of 66% [30]. These individuals were 
eligible for conventional allografting but were given an NST 
using the “Mexican method” mainly for economic reasons. 
Later, on, analyzing separately the results in AML according 
to the remission status, we found in another multicenter 
study a 480-days SV of 50% for patients in first remission 
and 15% for those in a second remission [31]; accordingly, it 
seems to be better to allograft patients with AML in first 
remission, but it is also possible to rescue some AML pa-
tients when they have achieved a second or further remission 
with this type of allografting.  

 In the case of acute lymphoblastic leukemias, the results 
have been disappointing. In a group of 43 ALL patients 
grafted in second remission or beyond we found a 3-year 
overall survival rate of 30%: these data are similar to those 
obtained with allografting after conventional conditioning 
and support the concept that malignant ALL cell “escape” 
from the graft versus leukemia effect which is more useful in 
other malignancies [32]. 

 It is interesting that we have allografted also children and 
adolescents with the “Mexican method” [25]. Initially, it was 
considered that non-ablative conditioning should be offered 
only to aged or debilitated individuals, or with comorbid-
ities; however it is clear that children are the ones who suffer 
more the long-term consequences of the aggressive conven-
tional preparative regimens [33]. Based in this idea, we were 
the first to conduct non-ablative allografting in children [25], 
and we have found a very low prevalence of long-term com-
plications with very adequate results, mainly in non-
malignant hematological diseases [25, 33, 34]. After our 
initial publication, other groups have also engaged in al-
lografting children using reduced-intensity preparative regi-
mens [33]. 

 The “Mexican method” to conduct non-ablative allograft-
ing has also been used to allograft patients with aplastic 
anemia. In a collaborative group of four Mexican institutions 
(CHMI, HUM, CMR and Instituto Nacional de Cancerología 
– INCAN - ), 23 individuals with severe, refractory aplastic 
anemia were allografted using peripheral blood stem cells 
and we found a 1500 day SV of 91% [35], a figure which 
compares favorably with those published using other types 
of conditioning regimens. 

 With the method that we have developed, we have also 
grafted cord blood cells [36] as well as rescued individuals 
with relapsed Hodgkin´s disease [37]. Small groups of pa-
tients have also been allografted: Multiple myeloma, myelo-
dysplasia, chronic lymphocytic leukemia, solid tumors, etc. 
[38, 43].  

 Concerning the complications of the allografting proce-
dures and given the low hematologic and extra-hematológic 
toxicity of the “Mexican” conditioning regimen, we have 
found that the proportion of individuals who develop a neph-
rotic syndrome after the allograft is considerably lower than 
that observed in patients given other types of non-ablative 
conditioning [44]. By the same token, the transfusion re-
quirements of the patients allografted with this method are 
very low [26, 27], and the complications stemming from 
cytomegalovirus reactivation are exceptional [21, 22]. Along 
the same line, the 100-day mortality is 16%, a figure which 
contrasts with that of conventional allografting than can go 
up to 50% [2]. 

 We have also analyzed the significance of the HLA dis-
parity between donor and receptor, and we have found that it 
is safe to conduct nonmyeloablative allografting using our 
approach in individuals who have either an HLA identical 
(6/6) or compatible (6/6) sibling donor [45]. 

 Having increased the number of patients allografted for 
acute leukemia, we have found leukemic relapses: They have 
occurred in 60% of patients with ALL and 50% of patients 
with AML. In a multicenter study (CHMI, HUM and CMR), 
we have found that extramedullary relapses are more fre-
quent in patients with AML than in those with lymphoid 
malignancies [46] and that bone marrow relapses are more 
frequent and aggressive in patients allografted for lymphoid 
malignancies.  

f) The Consequences of Breaking Dogmata 

 NST has been one of the most exciting developments in 
the treatment of hematologic malignancies in the last ten 
years [41, 42]; however NST should not be envisioned as an 
“easy way“ to conduct allogeneic bone marrow transplanta-
tion [47]. Worldwide, NST is still a therapeutic modality that 
has been reserved for certain individuals: Aged, debilitated 
or afflicted by other diseases. In several centers in Latin 
America, NST has been adopted as the conventional method 
to conduct bone marrow transplantation mainly because of 
its affordability, even in children, adolescents and individu-
als eligible for conventional allografting [25, 30, 32, 34, 41, 
43, 48, 50]. Consideration of costs should not be overlooked 
in any part of the world, but they are particularly critical in 
developing countries, such as Latin American countries [48, 
51]: Eighty percent of children with cancer worldwide die of 
the illness because lifesaving treatments, such as hema-
topoietic stem cell transplantation, are not available in under-
developed countries [48, 51]. In some developing countries, 
the cost of the “Mexican approach to conduct NST has been 
shown to be 15-20 times lower than that of a conventional 
allograft in developed countries.  

THE MATTHEW EFFECT 

 A verse in the biblical book of Matthew reads: “ Unto 
every one that hath shall be given….. but from him that hath 
not shall be taken away even that which he hath” supports 
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the origin of the concept of “the Matthew effect”, described 
in a classic paper in Science by Robert K. Merton [52]; he 
noticed that in science, credit for a discovery or knowledge 
tends to go to the most famous researcher associated with it 
rather than to the most deserving one [53, 54]. C.N. R. Rao 
notes that “the Matthew effect” is not uncommon even for 
work done in advanced countries, but hurts a person in a 
developing country much more because he does research 
with great difficulty; sometimes it takes many years to com-
plete the work and then get no credit is very disappointing 
and frustrating [52, 54]. In simple words,“the Matthew ef-
fect” means that “the rich get richer and the poor get poorer”. 
The “Mexican approach” to conduct bone marrow transplan-
tation has not escaped the “Matthew effect” [47, 54, 56]: the 
method, which has been used in several Latin American 
countries, and is endowed with several advantages over other 
procedures to conduct NST, is frequently overlooked in re-
views or papers dealing with the topic [19, 55, 56, 60]. We 
hope that the method will eventually find its place within the 
therapeutic armamentarium of hematologists. 

CONCLUSIONS 

 More than 95% of the patients who have been allografted 
in Latin America and other developing countries using the 
“Mexican approach” to conduct NST could not have af-
forded the cost of a conventional or more expensive stem 
cell transplant; accordingly, this procedure has enabled doc-
tors in Latin America to offer this therapeuituc approach to a 
larger number of individuals. Prospective studies will define 
if NST will eventually replace conventional stem cell graft-
ing; however, very frequently in Latin American countries, 
the decision for a given patient is not between offering either 
a conventional bone marrow transplant or a NST; the deci-
sion has to be made between NST or no other effective 
treatment. Because of its cost, NST could be considered as 
an early treatment option in countries where limited re-
sources currently prevent usual allogeneic bone marrow 
transplantation; role-definition and appropriate timing for 
this therapeutic approach in patients are required. We are in 
the process of learning which malignancies are more suscep-
tible to the graft versus tumor effect, one of the main effects 
of NST in addition to the replacement of the bone marrow 
cells, and as a consequence, we are also learning in which 
malignancies NST is more useful. The “Mexican approach” 
to conduct NST has been shown to be effective for allograft-
ing individuals with malignant and non-malignant condi-
tions. Despite the fact that most studies with reduced inten-
sity conditioning have a relatively short follow up, there is 
information which indicates that the procedure is related 
with lower toxicities and a lower prevalence and severity of 
GVHD [61, 63], with a similar efficacy as that of conven-
tional allografting. Since this method is more feasible and 
affordable for patients and physicians in developing coun-
tries, the number of allografts in Latin America has increased 
substantially, as well as the publications related to bone mar-
row transplantation stemming from places where this thera-
peutic maneuver was considered as unaffordable previous to 
the development of this technology [64, 67].  

 Despite the fact that allografting with reduced intensity 
conditioning may be related with several disadvantages such 
as mixed chimerism and relapse of the malignancy [42, 50, 
56] breaking several dogmata related to bone marrow al-

lografting has resulted not only in the progress of knowl-
edge, but also in the accessibility of many patients to sophis-
ticated therapeutic actions, in some cases, the only true cura-
tive option for these individuals [42, 50]. For inhabitants of 
México and Latin America, breaking dogmata has been 
proved to be worthwhile in the case of hematopoietic stem 
cell transplantation; these observations could be useful for 
other developing societies. 
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