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ABSTRACT
Introduction: Hematologic malignancies, including lymphomas and leukemias, may be treated with autologous or allogeneic bone 
marrow transplantation. However, these approaches can increase the risk of infection, sepsis, graft-versus-host disease, and nephrotoxicity, 
possibly resulting in acute kidney injury (AKI). Objective: To evaluate AKI in patients with lymphomas or leukemia submitted to bone 
marrow transplantation (BMT). Method: Retrospective, observational cohort study of cases from a database of 256 patients (53.9% 
males) hospitalized for BMT between 2012 and 2014 at a cancer hospital in São Paulo, Brazil. Of these, 79 were selected randomly for 
analysis. Demographic data, length of hospitalization, and associated morbidities were recorded. AKI was identified according to Kidney 
Diseases Improving Global Outcomes (KDIGO) criteria. Results: The most frequent diagnoses for the 79 cases were non-Hodgkin’s 
lymphoma (30.4%), acute myeloid leukemia (26.6%), and Hodgkin’s lymphoma (24.1%). The probability of 100 days-survival after BMT 
was 81%, and three years after BMT was 61%. In-hospital mortality was significantly higher among patients who presented AKI during 
hospitalization (p<0.001). However, there was no difference in overall life expectancy (p=0.770). Conclusion: A significant prevalence 
of AKI was found in patients with leukemia or lymphoma while they were hospitalized for BMT, resulting in significantly increased rates 
of in-hospital mortality. The presence of AKI during hospitalization was not associated with a subsequent reduction in life expectancy.
Key words: leukemia; lymphoma; bone marrow transplantation; acute kidney injury.

RESUMO
Introdução: As neoplasias hematológicas, incluindo linfomas e leucemias, 
podem ser tratadas com transplante autólogo ou halogênico de medula óssea. 
No entanto, essas abordagens podem aumentar o risco de infecção, sepse, 
doença do enxerto contra o hospedeiro e nefrotoxicidade, possivelmente 
resultando em lesão renal aguda (LRA). Objetivo: Avaliar LRA em pacientes 
com linfomas ou leucemia submetidos a transplante de medula óssea (TMO). 
Método: Estudo de coorte observacional retrospectivo de casos de um banco 
de dados de 256 pacientes (53,9% do sexo masculino) internados por TMO 
entre 2012 e 2014 em um hospital oncológico de São Paulo, Brasil. Destes, 
79 prontuários foram selecionados aleatoriamente para análise. Dados 
demográficos, tempo de internação e morbidades associadas foram registrados. 
A LRA foi identificada de acordo com os critérios de Kidney Diseases Improving 
Global Outcomes (KDIGO). Resultados: Os diagnósticos mais frequentes 
da amostra de 79 casos foram linfoma não Hodgkin (30,4%), leucemia 
mieloide aguda (26,6%) e linfoma de Hodgkin (24,1%). A probabilidade de 
sobrevivência em 100 dias após o TMO foi de 81% e, em três anos após o 
TMO, foi de 61%. A mortalidade intra-hospitalar foi significativamente maior 
entre os pacientes que apresentaram LRA durante a internação (p<0,001). 
No entanto, não houve diferença na expectativa de vida geral (p=0,770). 
Conclusão: Neste estudo, observou-se prevalência significativa de LRA em 
pacientes com leucemia ou linfoma durante a internação por TMO, resultando 
em aumento significativo das taxas de mortalidade intra-hospitalar. A presença 
de LRA durante a hospitalização não se associou a uma subsequente redução 
da expectativa de vida.
Palavras-chave: leucemia; linfoma; transplante de medula óssea; injúria 
renal aguda.

RESUMEN
Introducción: Las neoplasias malignas hematológicas, incluidos los linfomas 
y las leucemias, pueden tratarse con trasplante autólogo o alogénico de 
médula ósea. Sin embargo, estos enfoques pueden aumentar el riesgo de 
infección, sepsis, enfermedad de injerto contra huésped y nefrotoxicidad, lo 
que posiblemente provoque lesión renal aguda (IRA). Objetivo: Evaluar el 
FRA en pacientes con linfomas o leucemias sometidos a trasplante de médula 
ósea (TMO). Método: Se realizó un estudio de cohorte observacional 
retrospectivo de casos de una base de datos de 256 pacientes (53,9% 
hombres) hospitalizados por TMO entre 2012 y 2014 en un hospital de 
cáncer en São Paulo, Brasil. De estos, 79 registros fueron seleccionados 
aleatoriamente para su análisis. Se registraron los datos demográficos, la 
duración de la hospitalización y las morbilidades asociadas. La IRA se 
identificó según los criterios de Kidney Diseases Improving Global Outcomes 
(KDIGO). Resultados: Los diagnósticos más frecuentes en la muestra de 
79 casos fueron linfoma no Hodgkin (30,4%), leucemia mieloide aguda 
(26,6%) y linfoma de Hodgkin (24,1%). La probabilidad de supervivencia 
100 días después del BMT fue del 81% y tres años después del BMT fue 
del 61%. La mortalidad hospitalaria fue significativamente mayor entre 
los pacientes que presentaron FRA durante la hospitalización (p<0,001). 
Sin embargo, no hubo diferencia en la esperanza de vida global (p=0,770). 
Conclusión: En este estudio, se observó una prevalencia significativa de LRA 
en pacientes con leucemia o linfoma mientras estaban hospitalizados por 
TMO, lo que resultó en un aumento significativo de las tasas de mortalidad 
hospitalaria. La presencia de FRA durante la hospitalización no se asoció 
con una reducción posterior de la esperanza de vida.
Palabras clave: leucemia; linfoma; trasplante de médula ósea; lesión renal 
aguda.
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INTRODUCTION

Leukemia is a clonal disorder of hematopoiesis 
characterized by recurrent chromosomal aberrations and 
genetic mutations that cause abnormal cell accumulation 
in the blood, impairing the production of red blood cells, 
white blood cells, and platelets1-3. Overall, leukemia is 
of great clinical relevance. According to the Brazilian 
National Cancer Institute (INCA)4, the estimated 
occurrence of new cases of leukemia in Brazil for each 
year of the triennium 2023-2025 is 11,540 cases, 
corresponding to an estimated risk of 5.33 per 100,000 
inhabitants, being 6,250 in males and 45.9% 5,290 in 
females4. The morbimortality prognosis of leukemia is 
related to the subtype, patient age, and adverse prognostic 
factors, including infiltration of the central nervous 
system, infection at diagnosis, and hyperleukocytosis5-7.

Lymphomas are neoplastic transformations of 
lymphoid cells8, most of them with uncertain etiology, but 
it has been suggested that its development may be related 
to heredity, environment, occupation, and diet9,10. They 
are classified as either Hodgkin’s (HL) or non-Hodgkin’s 
(NHL). HL is relatively curable: chemotherapy and bone 
marrow transplantation (BMT) result in remission in 80% 
of patients. NHL presents a more challenging outlook, 
with a 60% 5-year overall survival prognosis and a cure 
rate (defined as continuous remission for 24 months) 
of only 50% for aggressive cases in a USA11. Likewise, 
Brazil’s Mortality Information System12 recorded 536 
deaths by HL compared to 4,154 deaths by NHL in 2013, 
and INCA reported 3,080 new cases of HL with 14.7% 
(n=455) mortality and 12,040 new cases of NHL with a 
36.1% (n=4,357) mortality4,13,14.

BMT is a potential curative treatment option for 
malignant and non-malignant hematological disorders15,16. 

Allogeneic transplantation is usually preferred in cases of 
NHL and most leukemias, and autologous transplantation 
is more often used in cases of HL. Both methods are 
known to increase the risk of renal lesions17,18. Renal 
failure, which can develop within two weeks of allogeneic 
transplantation, has been related to several risk factors, 
such as advanced age, any complication, and the gender 
of the patient19,20. 

Transplanted patients may also experience acute kidney 
injury (AKI), a common complication which affects both 
morbidity and mortality. It is characterized by an abrupt 
decline in glomerular filtration rate, which manifests 
clinically as a sustained increase of serum creatinine and 
reduction of urinary volume21. Approximately 40% of the 
patients receiving allogeneic transplants experience AKI22. 

Up to 60% of the patients with hematologic cancer 
experience AKI at some point in the course of the 

disease, most associated with sepsis, nephrotoxins, 
immunosuppressive agents, and graft-versus-host disease, 
which may affect glomerular, tubulointerstitial, and 
vascular structures23. 

Cancer treatment regimens are becoming more 
complex and often involve combined therapies. Some 
of the recent agents introduced had few or no renal 
adverse effects during clinical trials, but renal injury cases 
emerged upon widespread use including administration 
to patients with a less robust baseline renal function and 
other comorbidities24.

Before undergoing BMT, patients are prescribed 
immunosuppressive therapies to support donor cell 
grafting and prevent graft-versus-host disease. Drug 
interactions may occur due to exposure to complex 
multidrug regimens with narrow therapeutic windows 
and high toxicity profiles17. Together, these treatments and 
vulnerabilities may accumulate to enable AKI pathogenesis. 
It may be helpful to administer nephroprotective drugs to 
at-risk BMT patients. 

The primary aim of the present study was to analyze 
the occurrence of AKI in leukemia/lymphoma patients 
who underwent BMT to identify risk factors in this 
population. In addition, the relationship of AKI incidence 
with post-BMT prognosis was analyzed.

METHOD
  
Retrospective clinical study where the electronic 

medical records of patients with leukemia or lymphomas 
hospitalized for BMT at a Cancer Center in São Paulo, 
Brazil, between 2009 and 2014 were evaluated. The 
inclusion criteria were ≥18 years and undergoing BMT at 
the same hospital. The exclusion criteria were follow-up <3 
months, baseline laboratory tests performed by different 
laboratories, incomplete baseline renal function data and 
Stage V chronic kidney disease (CKD) as defined by the 
National Kidney Foundation or having been in dialysis 
for >1 year.

To present the results of this study, the lymphomas 
were classified according to the WHO Classification, 5th 
edition25 among HL and all NHL: tumor-like lesions 
with B-cell predominance; precursor B-cell neoplasms 
(B-cell lymphoblastic leukemias/lymphomas); mature 
B-cell neoplasms (pre-neoplastic and neoplastic small 
lymphocytic proliferations, splenic B-cell lymphomas 
and leukemia); lymphoplasmacytic lymphoma; marginal 
zone lymphoma; follicular lymphoma; cutaneous follicle 
center lymphoma; mantle cell lymphoma; transformations 
of indolent B-cell lymphomas; large B-cell lymphomas; 
KSHV/HHV8-associated B-cell lymphoid proliferations 
and lymphomas; lymphoid proliferations and lymphomas 
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associated with immune deficiency and dysregulation 
and plasma cell neoplasms and other diseases with 
paraproteins26.

Among the more than 12 types of leukemias found 
in the present investigation, four primary types were 
described: acute myeloid leukemia (AML), chronic 
myeloid leukemia (CML), acute lymphocytic leukemia 
(ALL) and chronic lymphocytic leukemia (CLL)27.

Pre- and post-BMT creatinine levels were extracted 
from electronic charts. Glomerular filtration rate 
and CKD stage were determined based on the CKD 
Epidemiology Collaboration equation. Light-chain 
dosages before and after BMT, chemotherapy treatments, 
type of BMT performed, any major complications of 
BMT, and demographic data (age, sex, race, and body 
mass index), and associated morbidities (subarachnoid 
hemorrhage, diabetes mellitus, liver disease, and 
congestive heart failure) were also recorded. AKI was 
defined in accordance with KDIGO guidelines24 as an 
increase in serum creatinine levels exceeding 0.3 mg/dL 
greater than baseline. Among the patients who survived 
post-hospitalization, the mortality was analyzed within 
3 years after BMT.

The study was submitted and approved by the 
Institutional Review Board of “Associação Educacional Nove 
de Julho” report number CAAE: 79907617.4.0000.5511. 
Patient demographics are described in absolute and 
relative frequencies, and for continuous variables as 
measures of central tendency and dispersion. Outcomes 
are described as relative frequencies with 95% confidence 
intervals (CI). The Kaplan-Meier method was used to 
estimate population survival and the log-rank test to verify 
group differences.

To identify factors that may be associated with 
outcomes, univariate analyses were completed with AKI 
occurrence as a dependent variable. Pearson’s Chi-square 
test or Fisher’s exact test (when indicated) were used to 
identify outcome-associated variables. The Mann-Whitney 
test was used to analyze the distribution of renal function 
markers by group. The prevalence rates of outcomes at two 
follow-up time points were compared with the Newman-
Keuls test. All statistical analyses were performed in SPSS 
software version 20.0. Type I error probability of <5% was 
considered statistically significant. 

RESULTS

Upon the Institutional Review Board (IRB) approval, 
medical records were collected for 256 patients who were 
submitted to BMT between January 2009 and October 
2014. During this period, there were changes in the 
laboratories accredited to perform serum creatinine 

analysis in the hospital. In these cases, access to the 
results of some patients was restricted or lost. For this 
reason, the analysis of many patients was limited to the 
period between 2012 and 2014, when laboratory tests 
were performed by the same laboratory, and after the 
application of inclusion and exclusion criteria, 79 data 
from patients submitted to BMT between January 2012 
and October 2014 were analyzed. The flowchart of the 
cases included in this study is shown in Figure 1. 

Figure 1. Flowchart of patients submitted to BMT included in the study

256 pa�ents

79 pa�ents

• 139 patients hospitalized for BMT but with missing information in 
electronic medical records or with some incomplete baseline renal 
function data or with serum creatinine measured by different 
laboratories (between 2009 and 2011)

• 29 patients were younger than 18 years of age at the time of BMT
• 9 patients hospitalized for BMT but transferred to another service 

with follow-up <3 months
• Total: 177 patients excluded 

This sample consisted predominantly of males 
(59.5%), with a mean age of 43.1±14.3 years and 13.9% 
of older patients. The mean body mass index was 26.2±5.5 
kg/m2. The diagnoses of NHL (30.4%), acute myeloid 
leukemia (26.6%) and HL (24.1%) were the most 
frequent. Comorbidities were infrequent, with obesity and 
hypertension being the most prevalent, reaching 20.3% 
and 7.6%, respectively. Just under half of the studied 
procedures (45.6%) were autologous BMT (Table 1). 

The median of the total length of hospital stay was 
34.0 (IQR 27.0-48.0) days, with the length of stay of 26.0 
(IQR 18.0-40.0) days after BMT, as shown in Table 1.The 
median length of hospitalization was significantly longer 
for allogeneic than for autologous transplant patients 
(39.5 days vs. 25.0 days, p<0.001). 

Among the 79 patients analyzed, 54.4% (n=43) 
had lymphomas, 30.4% (n=24) NHL and 24.1% HL 
(n=19). For 45.6% of leukemias (n=33), 26.1% were 
AML (n=21), 13.9%, ALL (n=11) and 3.8% CML 
(n=3) and 1.3% (n=1) CLL. Demographic and clinical 
characteristics of the 79 patients are shown in Table 1. 

The pattern of serum creatinine levels determined 
during hospitalization for BMT is shown in Chart 1. AKI 
occurred in 38.0% of the patients.

The median time of clinical follow-up among 
the surviving patients was 2.92 years (range, 2.1-8.0 
years). During follow-up, 31 deaths were recorded. The 
probability of survival 100 days and 3 years after BMT 
was 81% (95% CI 72.0-89.8%) and 60.8% (95% CI 
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59.8-71.8%), respectively (Chart 2). After BMT, 1-year, 
2-year, and 3-year time points, the number of patients at 
risk of death were 19, 53, 48, and 20 while the number 
of cumulative events were 0, 26, 31, and 31, respectively. 

Of the 31 deaths, 14 occurred during post-BMT 
hospital stay, resulting in an in-hospital mortality rate of 
17.7% (95% CI 10.0-27.4%). In-hospital mortality was 
significantly higher among patients who developed AKI 
while hospitalized than among those who did not (40.0% 
vs. 4.2%, chi-square: p<0.001). Among the 64 cases of 
patients who survived post-hospitalization, there was no 
significant difference in the overall survival of patients with 
AKI versus without AKI (log rank: p=0.770, Chart 3).

Table 1. Demographic and clinical characteristics of the study sample (n=79)

Characteristic

All

(n=79)

N (%) or mean + SD

Lymphomas

(n=43)

N (%) or mean + SD

Leukemias

(n=36)

N (%) or mean + SD

p-value

Gender male 47 (59.5) 27 (54.4) 20 (45.5) 0.514

Mean age, years 43.1±14.3 40.3±13.8 46.6±4.3 0.054

Age ≥ 60 years 11 (13.9) 3 (27.3) 8 (72.7) 0.050*

Comorbidities

Hypertension 6 (7.6) 3 (7.1) 3 (8.3) 1.00

Diabetes 4 (5.1) 2 (4.7) 2 (5.6) 1.00

Body mass index ≥ 30 

kg/m2
16 (20.3) 11 (25.6) 5 (13.9) 0.198

BMT

Autologous 36 (45.6) 35 (81.4) 1 (2,8) <0.001*

Allogeneic – related 33 (41.8) 8 (18.6) 35 (97.2)

Total duration, days 34.0 (27.0-48.0) 32,3±17.8 56.0±35.8 <0.001*

Length of hospitalization 

after BMT, days
26.0 (18.0-40.0) 24.3±16.8 47.8±35.4 <0.001*

AKI 30 (38) 15(50) 15 (50) 0.645

Total post-BMT deaths 

with AKI
31 (39.2) 4 (26.7) 8 (53.3) <0.001*

Deaths in hospital 14 (17.7) 5 (11.9) 9 (25) 0.121

Captions: BMT = bone marrow transplantation; AKI = acute kidney injury; SD = standard deviation.
(*) p<0.05.

Chart 1. Serum creatinine concentration during hospitalization for BMT

Chart 2. Overall survival curve for the sample after BMT
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DISCUSSION

AKI incidence associated with hematopoietic cell 
transplantation ranges from 10% to 73% depending 
on the transplantation type and chemotherapeutic 
conditioning regimen, making it difficult to compare 
the results of the present study with the literature28. 
This pathology occurred in 50% of the study sample, 
slightly less than 60% of the patients with lymphoma 
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Chart 3. Survival curves of patient groups with and without AKI during 
hospitalization
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who underwent BMT and reported to have developed 
AKI as concluded by a 2017 US study23. One possible 
explanation for this difference is the fact that the current 
sample was extracted from a specialized private hospital in 
treating malignant neoplasms where only 40% of BMT 
patients develop AKI22. 

A consistent elevation of serum creatinine levels since 
admission to post-BMT was found in patients who met 
the AKI diagnosis criteria. The values returned to near 
baseline upon hospital discharge, indicating that there 
was no perpetuation of the lesion and there were no cases 
progressing to CKD in 3 years of follow-up.

Brazil’s Mortality Information System12 reports 
mortality rate of 14.7% with HL and 36.1% with NHL. 
In the study sample, the total mortality rate for combined 
HL and NHL cases was 29.8%4.

This is a retrospective, single-center study and 
therefore, there are some limitations related to survey 
biases. In addition, it was not possible to confirm precisely 
whether the deaths during hospitalization were due to 
AKI or sepsis; it was not known whether AKI was the 
direst prognostic factor or if patients developed AKI 
because they became vulnerable by another, more severe 
condition. Finally, because the study sample consisted in 
patients relatively younger (low percentage of patients 
>60 years old) with few associated comorbidities, it was 
not possible to analyze the contributions of these factors 
to the evolution of AKI. 

It has been presented a Brazilian epidemiology 
considering the paucity of studies of this type, and because 
the existing ones are typically based in data from other 
countries. It is difficult to compare epidemiological data 
obtained for the Brazilian population for variables as age, 
comorbidities, BMI, and socioeconomic profile, with data 
from INCA because only total data and estimates of cases 
are published for specific years. 

Nevertheless, it was found that obesity, in addition 
to being associated with a higher incidence of malignant 
neoplasms is also associated with higher occurrence of 
AKI29. Conversely, although BMI <18.5 was associated with 
worse AKI evolution in hospitalized patients previously30, 
underweight BMI was not investigated as a factor because 
there were no patients in the study sample.

CONCLUSION

The data presented in this study do not allow to conclude 
with the required accuracy that there is a strong association 
between BMT and AKI in these patients, and more 
prospective studies are needed to confirm whether there is 
an inherent risk of AKI in patients immediately after BMT. 
Patients with AKI had significantly higher hospital mortality 
than those who did not present this pathology. However, the 
patients who were discharged from the hospital had a 3-year 
cumulative survival similar to those without AKI. With this, 
physicians’ attention should be redoubled in patients with 
lymphoma or leukemia submitted to BMT who develop 
AKI during hospitalization.
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