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Abstract

Between May 1993 and December 2010, 106 persons underwent an autologous hemato-

poietic stem cell transplantation in the Centro de Hematología y Medicina Interna of 

the Clínica Ruiz in Puebla, Mexico, using a simpliied method of autografting avoiding 
cryopreservation of the stem cells and conducting the procedure fully on an outpatient 

basis. There were 39 patients with multiple myeloma, 31 with acute leukemia, 13 with 

Hodgkin´s lymphoma, 7 with non-Hodgkin´s lymphoma and 16 with other diagnosis. 

The median age was 47 years (range 8 – 78 years). Patients were stratiied according to 
pre-transplantation body mass index (BMi) values: 4 patients had low BMi, 45 had nor-

mal BMi and 57 patients had high BMi. Patients with an increased BMi had an 80-month 

OS of 65%, whereas those with a BMi between 18.5 and 25 kg/m2, had an OS of 47% at 

190 months. The small subset of 4 patients with a low BMi had an OS of 100% at 152 

months. Our indings demonstrate a high prevalence of both overweight and obesity 
in Mexican patients undergoing an autologous HSCT and a correlation between pre-

transplantation BMi and post-transplantation survival; results should provide insight 

into how to better manage nutritional advice for patients undergoing HSCT.
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Un incremento en el índice de masa corporal no es un factor de pronóstico adverso en 

los pacientes que son sometidos a trasplante de células hematopoyéticas autólogas

Resumen

Entre mayo de 1993 y diciembre de 2019, se hicieron a 106 personas trasplantes de 

células hematopoyéticas autólogas en el Centro de Hematología y Medicina Interna  

de la Clínica Ruiz en Puebla, México, empleando un sistema simpliicado para auto-
trasplantar que evita la criopreservación de las células hematopoyéticas y se lleva a 

cabo de manera ambulatoria, extra-hospitalaria. Se trasplantaron 39 pacientes con 

mieloma múltiple, 31 con leucemia aguda, 13 con linfomas no-Hodgkin, siete con lin-

fomas de Hodgkin y 16 con otros diagnósticos. La mediana de edad fue de 47 años 

(rango ocho a 78 años). Los pacientes se agruparon de acuerdo al índice de masa corpo-

ral (IMC) pre-trasplante: cuatro pacientes tuvieron IMC bajo, 45 tuvieron IMC normal 

y 57 tuvieron IMC alto. Los pacientes con IMC alto tuvieron una supervivencia global 

(SG) a 80 meses de 65%, en tanto que aquellos con IMC entre 18.5 kg/m2 y 25 kg/m2, 

tuvieron una SG de 47% a 190 meses. El pequeño grupo de cuatro pacientes con IMC 

bajo tuvo una SG de 100% a 152 meses. Nuestros hallazgos demuestran un prevalencia 

alta tanto de sobrepeso como de obesidad en pacientes mexicanos quienes se van a 

someter a un trasplante de células hematopoyéticas autólogas y una correlación entre 

el IMC pre-trasplante y la supervivencia post-trasplante. Estos resultados agregan in-

formación sobre la necesidad de hacer intervenciones dietéticas en pacientes quienes 

se van a someter a trasplantes hematopoyéticos.
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Introduction

Both, obesity and malnutrition have been considered 

risk factors for complications and increased relapse and 

non-relapse mortality in hematopoietic stem cell trans-

plantation (HSCT).1 An inferior outcome after HSCT has 

been reported in obese adult patients in both allogeneic 

and autologous HSCT: Overweight individuals seem to 

develop more complications of graft versus host disease 

and more infections than its normal counterparts.1 On the 

other hand, recent data indicate that obesity does not 

preclude safe and effective myeloablative HSCT.2 To elu-

cidate the impact of pre-transplantation body mass index 

(BMi) on clinical outcome, we performed a retrospecti-

ve cohort study with registration data from the Centro 

de Hematología y Medicina Interna of the Clínica Ruiz in 

Puebla, Mexico. 

Methods

a. Patients: Data were analysed from all patients 

who underwent autologous HSCT in the Centro 

de Hematología y Medicina Interna de Puebla of 

the Clínica Ruiz between May 1993 and December 

2010, using the simpliied method of autografting 
avoiding cryopreservation of the hematopoietic 

stem cells and conducting the procedure fully 

on an outpatient basis.3-5 Patients were stratiied 
according to pre-transplantation BMi values: low 

BMi: BMi <18.5 kg/m2, normal BMi: 18.5 kg/m2 - 25 

kg/m2, and high BMi: >25 kg/m2. 

b. PBSC mobilization and apheresis: The peripheral 

blood stem cell (PBSC) mobilization schedule was 

begun at least 30 days after the last dose of che-

motherapy. Subcutaneous G-CSF (10 µg/Kg/day/5 

days) was given for mobilization of stem cells. 

Using either a peripheral vein or a Majurkar-type 

subclavian catheter, the apheresis procedures 

were performed on days – 3, – 2 and – 1, using 

a Haemonetics V-50 PLUS machine (Haemonetics 

Corporation, Braintree MA) or a Baxter C-3000 

PLUS machine (Baxter Healthcare, Deerield IL), 
and the Spin-Nebraska protocol.6 The apheresis 

objective was to reach at least 1x106 viable CD34+ 

cells/Kg.

c. Conditioning and autografting: intravenous 

melphalan, 200 mg/m2 in a single i.V. dose was 

used on day –1 in all patients. Ondansetron (8 mg 

i.v. every 12 h after chemotherapy), ciproloxacin 
(250 mg bid) and luconazole (200 mg bid) were 

used in all patients. Antibiotics and antimycotics 

were used until granulocytes were greater than 

0.5x109/L. All patients had daily laboratory wor-

kup and clinical studies.
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d. Apheresis product preservation, studies and in-

fusion: The products of the apheresis and 1 mL 

aliquots were kept in ACD-A (Baxter Healthcare, 

Deerield IL) at 4oC, in 300 ml transfer packs (Bax-

ter Healthcare, Deerield, IL) composed of gas 
impermeable, polyvinyl chloride plastic ilm for 
up to 72 hours. Enumeration of the total white 

mononuclear cells (MNC) and CD34 positive cells 

was done by low-cytometry7 in an EPiCS Elite ESP 

apparatus (Coulter Electronics, Hialeah, FL), using 

for the latter subpopulation the anti-CD34 mono-

clonal antibody HPCA-2 (Becton Dickinson, San 

José CA), gating in propidium iodide-excluding 

CD45(+) MNC population according to forward and 

90° angle light scattering. Additional viability stu-

dies of the MNC used propidium iodide exclusion 

and anti-cell antibodies on a low cytometer. No 
purging procedures were performed. The aphere-

sis products obtained on days – 3, – 2 and – 1 were 

re-infused to the patients on days 0, +1 and +2 

respectively after keeping them in the conventio-

nal blood bank refrigerator.

e. Statistics: The primary objective of the analysis 

was to assess the survival after the HSCT; accor-

dingly, overall survival (OS) was calculated from 

the day of HSCT until the day of death or the last 

follow-up and was estimated according to the Ka-

plan-Meier method8 using the log-rank chi-square 

test. 

Results

a. Patients: One hundred and six cases were inclu-

ded in the study. The Table 1 depicts some of 

the salient features of the patients. There were 

39 patients with multiple myeloma, 31 with acu-

te leukemia, 13 with Hodgkin´s lymphoma and 7 

with non-Hodgkin´s lymphoma. The median age 

was 47 years (range 8 to 78 years); there were 

56 males and 50 females. Patients were stratiied 
according to pre-transplantation BMi values (vide 

supra): 4 patients had low BMi, 45 had normal BMi 

and 57 patients had high BMi. 

b. PBSC mobilization and apheresis: A median of 

three apheresis sessions were needed to collect 

a minimum of 1x106 CD34 viable cells/kg of the 

recipient; the range was 2 to 4 sessions to obtain 

enough CD34+ cells.

c. Conditioning and autografting: All patients were 

conditioned with intravenous melphalan. in cases 

in which more than three apheresis sessions were 

needed to obtain a minimum of 1x106 CD34 viable 

cells/Kg of the recipient, the dose of melphalan 

was adjusted to 180 mg/m2 (90% of the planned 

dose).9,10

d. Apheresis product studies: The median number of 

transplanted CD34 viable cells was 3.2x106 CD34 

viable cells/kg of the recipient; the range was 

0.8 to 9.6. in all cases the viability of the CD34 

cells was above 85% prior to being re-infused to 

the patients. 

e. Overall survival (OS): The OS of the 106 patients 

was 55% at 190 months, with a median OS which 

has not been reached, being above 190 months 

(Figure 1). The OS was different in the three sub-

sets of individuals according to the BMi: Patients 

with an increased BMi had an 80-month OS of 65%, 

whereas those with a BMi between 18.5 kg/m2 and 

25 kg/m2, had an OS of 47% at 190 months (p NS) 

(Figure 2). The small subset of 4 patients with a 

low BMi (below 18.5 kg/m2) had an OS of 100% at 

152 months. There were no signiicant differen-

ces in the subsets of patients according to sex or 

to the diagnosis of the entity which indicated the 

autograft.

Discussion

Obesity has become a pandemic, affecting both children 

and adults; in México this situation is even worse;11 our 

study indicates that the prevalence of overweight and 

obesity in the population of patients undergoing autolo-

gous HSCT in this single institution is rather high: 57/106 

persons (53.8%) in this analysis had an increased BMi: this 

igure compares with that informed in other publications: 
39% in North-American children receiving allogeneic 

cord blood grafts,12 43% in Mexican patients receiving an 

allograft,13 57% in North-American lymphoma patients 

receiving an autograft,14 16% in Japanese patients under-

going allogeneic HSCT,1 46% in North-American patients 

with acute myelogenous leukemia receiving a HSCT.2 The 

Table 1. Salient features of the 106 patients who underwent 
an autologous hematopoietic stem cell transplantation in the 
Centro de Hematología y Medicina Interna (Clínica Ruiz) de 
Puebla.

Number %

Total 106

Age, median 47 years

Age, range 8 – 78 years

Sex

   Males

   Females

56

50

52.8

47.2

BMI

   Below 18.5 kg/m2

   18.5 - 25 kg/m2

   Above 25 Kg/m2

4

45

57

3.8

42.4

53.8

Diagnosis

   Multiple myeloma

   Acute leukemia 

   Hodgkin´s lymphoma 

   Non-Hodgkin´s lymphoma 

   Others

39

31

13

7

16

36.7

29.2

12.3

6.6

15.1
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prevalence of an increased BMi seems to be higher in per-

sons undergoing autologous than allogeneic HSCT and may 

have also a relation with cultural and social factors.1,2,11-14

Both obesity and malnutrition have been conside-

red as adverse prognostic factors in patients undergoing 

HSCT.1,2,12-16 Obesity is associated with an increased risk 

of hyperglycemia, which can lead to an inferior outcome 

after allogeneic HSCT.13,14 On the other hand, malnutri-

tion has been reported to be associated with an increased 

risk of early death after allogeneic HSCT.14,15 There are, 

however, other studies which indicate that an increased 

BMi does not preclude safe and effective allogeneic HSCT, 

employing either myeloablative2 or non-myeloablative 

conditioning regimens.13 

in this study, the overall survival (OS) of all the pa-

tients was 55% at 190 months, with a median OS which 

has not been reached being above 190 months (Figure 1). 

interestingly, an increased BMi (>25 kg/m2) was not asso-

ciated with a worse outcome after the autograft; by the 

contrary, an increased BMi was associated with a better 

long-term post-autograft outcome, even though the di-

fferences were not statistically signiicant: Patients with 
an increased BMi had an 80-month overall survival (OS) of 

65%, whereas those with a BMi below 25 kg/m2, had an OS 

of 47% at 190 months (Figure 2), this information being 

consonant with the recent observation which indicates 

that obesity does not preclude safe and effective HSCT.2 

The low number of patients with a low BMi (four cases), 

despite showing an improved OS militates against further 

statistical analysis.

Our indings demonstrate a high prevalence of both 
overweight and obesity in Mexican patients undergoing 

an autologous HSCT and a correlation between pre-

transplantation BMi and post-transplantation survival. 

Although BMi depends strongly on multiple factors, the 

effect of and increased BMi on clinical outcome should 

be evaluated in a prospective study. There is currently 

no agreement regarding a suitable target range of pre-

transplantation BMi for clinical management. 

Conclusion

These results should provide insight into how to better 

manage nutritional support for patients undergoing HSCT.
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Figure 1. Overall survival of the 106 patients which were au-
tografted in the Centro de Hematología y Medicina Interna 
(Clínica Ruiz) de Puebla.

Figure 2. Overall survival of the patients which were autogra-
fted, classiied according to the body mass index: Above (n = 
57) or below (n = 49) 25 kg/m2. 
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