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 � INTRODUCTION

Acute kidney injury (AKI) and electrolyte disturbances are the most 
common manifestations of kidney disease in patients with malignancy 
in a hospital setting and they are associated with high morbidity and 
mortality. Kidney failure alters target drug doses, compromising the 
success of anticancer treatments1. Renal disease also limits access to 
some types of therapies and excludes patients from clinical trials.

AKI incidence in these particularly vulnerable patients depends on 
the type of malignancy (solid tumor or hematological malignancies), 
severity of underlying disease, severity of complications and therapy. 
Depending on the definition of AKI, the incidence rate varies, but large 
population-based studies have supported that AKI is common in patients 
with cancer1,2. In one study that used a cut-off of >50% increase in 
serum creatinine baseline level to define AKI, the rate of AKI was 17.5% 
within one year of cancer diagnosis2. According to Salahudeen et al.3 
from University of Texas M.D. Anderson Cancer Center, AKI in-hospital 
was associated with a 4.7-fold increase in death rates, a 3-day increase 
in length of hospital stay, and a $42.671 increase in hospital costs. 

The cancers associated with the highest incidence of AKI in the 
ICU setting are hematological malignancies1. Among them, multiple 
myeloma (MM), non-Hodgkin lymphoma (NHL), acute myeloid leuke-
mia (AML) and acute lymphoid leukemia (ALL) are the cancers with 
the highest risk of AKI4. Several factors may contribute to the risk of 
AKI in these patients, such as dehydration due to decrease oral intake, 
vomiting and diarrhea, fluid and electrolyte disturbances, intratubular 

and extrarenal urinary tract obstruction, tumor lysis syndrome (TLS), 
glomerulonephritis, sepsis or septic shock, nephrotoxicity from con-
trast administration, nonsteroidal anti-inflammatory drugs (NSAIDs), 
antibiotics and chemotherapy. 

If we focus on the patients who develop AKI after hematopoietic 
stem cell transplantation (HSCT), the cause for AKI is often multifacto-
rial and we can have more specific conditions such as marrow infusion 
syndrome, hepatic sinusoidal obstruction syndrome, thrombotic micro-
angiopathy and graft versus host disease (GVHD)5. Studies demon-
strated remarkably high rates of AKI after myeloablative allogeneic 
transplantation, reaching 73% and a four-fold greater need for dialysis 
compared with patients in the nonmyeloablative group6,7. Unfortu-
nately, patients requiring acute dialysis have extremely high (80%) 
mortality rates5 and the best management of these population remains 
a challenging task. 

Our aim was to search for the prognostic determinants for in-hos-
pital mortality and one-year mortality in patients with HM and AKI.

 � MATERIALS AND METHODS

  � Patients and Data Collection

We conducted a single-center, retrospective, observational cohort 
study of 101 in-hospital patients with AKI and HM between January 
2015 and December 2019. Our center is a tertiary referral oncological 
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center. Essential demographic, clinical and laboratory data were record-
ed from medical records at baseline, time of AKI event, 1 and 12 months 
after AKI. 

Patients had primary diagnosed HM at different stages: partial or 
complete remission, as well as disease progression.

Data collection included basic demographic details, comorbidities, 
type of HM, history of solid malignancies, neoplasia status, treatment 
with stem cell transplantation (SCT), admission to the ICU, need for 
invasive mechanical ventilation (IMV), presence of septic shock, graft-
versus-host disease (GVHD), characterization of AKI (exclusive pre-renal, 
obstructive, nephrotoxicity, hypercalcemia, tumor lysis syndrome (TLS), 
glomerulonephritis, thrombotic microangiopathy, tumor infiltration), 
need for renal support therapy (RST) and modality of RST. Serum cre-
atinine levels were recorded at baseline, time of AKI event, 1 and 12 
months after AKI, and albumin was recorded at the time of AKI event.

Renal function was assessed according to serum creatinine concen-
tration and estimated glomerular filtration rate (GFR) by the Modified 
Diet in Renal Disease equation (MDRD). Baseline serum creatinine was 
the lowest representative value determined from several measure-
ments available in the last 1-2 months before hospital admission. 
Baseline renal function was classified into 5 stages, as suggested by 
the National Kidney Foundation (NKF). We classified AKI according to 
the KDIGO definition. Urine output was not available for all patients, 
so the serum creatinine was the only parameter we used.

For the patients admitted in the ICU, two mortality prediction 
scores were calculated: Acute Physiology and Chronic Health Evalua-
tion (APACHE II) and Simplified Acute Physiology Score (SAPS II).

We defined infection during in-hospital stay as Systemic Inflam-
matory Response Syndrome (SIRS), sepsis or septic shock.

Patients for whom palliative care was the only cancer treatment 
available were excluded. Clinical outcomes were assessed as in-hospital 
death and death at one year.

The ethics committee of our Institution approved the study, includ-
ing the fact that informed consent was not sought due to a retrospec-
tive study design (approval No.: 229/020 issued on 23 July 2020).

  � Statistical analysis and prediction model

Discrete variables were summarized by absolute and relative fre-
quencies. Continuous variables were summarized using measures of 
central tendency and dispersion, mean, standard deviation (SD), 
median and interquartile range (IQR). 

Univariate analyses were performed using Student’s t-test or Mann-
Whitney U tests for continuous variables, and the chi-square test or 
Fisher’s exact test for categorical variables, as appropriate. GFR com-
parisons were performed by Friedman test. 

A multivariate logistic regression analysis was performed to assess 
in-hospital mortality. Demographic and clinical variables were tested 

as in-hospital mortality predictors using Stepwise forward method, 
considering the likelihood ratio (LR) test. For each variable in the final 
model, adjusted odds ratio, and respective 95% confidence interval 
were estimated. The goodness-of-fit was assessed by calculating the 
area under the receiver operating characteristic (ROC) curve, the 
concordance index (C-statistic), and applying the Hosmer-Lemeshow 
test. ROC curve value >0.7 was considered to indicate predictive 
accuracy.

The Kaplan-Meier method was used to estimate the survival function 
for the time since hospital admission until death. The log-rank test was 
used to compare survival between groups.

Cox proportional hazards models were fitted to assess predictors of 
one-year mortality. The same variables were tested as those in logistic 
regression, and Stepwise forward method with LR test was also used 
for each variable in the final model. Adjusted hazard ratios, and respec-
tive 95% confidence interval, were estimated.

There were no missing values. A p-value <0.05 was considered sta-
tistically significant. Statistical analyses were performed using SPSS 
statistical program (IBM SPSS 19.0, Chicago, IL, USA). 

 � RESULTS

  � Patients’ characteristics

The study population included 64 males and 37 females, with a 
mean age of 58.7 ± 16.8 years. Only one patient was African-American; 
all the others were Caucasian. Multiple myeloma was present in 31 
(30.7%) patients, followed by non-Hodgkin lymphoma (LNH) in 28 
(27.7%). Fourteen (13.9%) patients had acute myeloid leukemia (AML) 
and 9 (8.9%) had acute lymphoid leukemia (ALL). The remaining diag-
noses (19 (18.8%) patients) included other hematological diseases 
such as Waldenström macroglobulinemia, myelofibrosis, myelodys-
plastic syndrome and aplastic anemia. Thirty-eight (37.6%) patients 
needed SCT and 27 of them underwent allogenic transplantation. 

Fifty-two patients (51.5%) were admitted to intensive care unit 
(ICU) and sixty-one (60.4%) needed renal support therapy (RST). Mean 
length of in-hospital stay was 18 days (IQR 1-88). In-hospital death 
was 52.5% and after one year only 26 patients were alive. The baseline 
characteristics are listed in Table I.

The demographic, clinical and laboratorial data were compared 
between survivors and in-hospital death patients. The univariate 
analysis identified significant predictive factors for in-hospital mortal-
ity: infection during hospital stay (P < 0.001), underlying HM (P < 
0.001), stem cell transplantation (P= 0.001), graft-versus-host disease 
(P = 0.021), AKI KDIGO stage 3 (P = 0.020), nephrotoxicity (P < 0.001), 
admission to ICU (P < 0.001), SAPS II score (P < 0.001), IMV (P < 0.001), 
septic shock (P < 0.001), and RST (P < 0.001).

Factors that were protective against in-hospital death were: age 
(P < 0.001), history of hypertension (P = 0.004), higher albumin at AKI 
diagnosis (P <0.001), exclusive pre-renal AKI (P = 0.002) and hyper-
calcemia (P = 0.013).
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Table I

Patient characteristics with and without in-hospital death.

Characteristic
Survivors
(n = 48)

In-hospital death
(n = 53)

P-value
Overall

(N = 101)
Gender
 Female
 Male

20 (54.1)
28 (43.8)

17 (45.9)
36 (56.3)

0.318
37 (36.6)
64 (63.4)

Age (years) 65.35 ± 13.57 52.64 ± 17.34 <0.001 58.68 ± 16.84
Age <60 years 13 (29.5) 31 (70.5) 0.001 44 (43.6)
History of hypertension 31 (62) 19 (38) 0.004 50 (49.5)
Diabetes mellitus 12 (44.4) 15 (55.6) 0.708 27 (26.7)
Cardio or cerebrovascular disease 16 (61.5) 10 (38.5) 0.097 26 (25.7)
Obesity 8 (57.1) 6 (42.9) 0.437 14 (13.9)
History of solid tumors 9 (60) 6 (40) 0.294 15 (14.9)
Albumin at AKI diagnosis 3 ± 0.7 2.5 ± 0.5 <0.001 2.8 ± 0.6
Infection during in-hospital stay 14 (22.2) 49 (77.8) <0.001 63 (62.4)
Underlying HM
 AML
 ALL
 NHL
 MM
 Others

3 (21.4)
1 (11.1)

11 (39.3)
27 (87.1)
6 (31.6)

11 (78.6)
8 (88.9)

17 (60.7)
4 (12.9)

13 (68.4)

<0.001

14 (13.9)
9 (8.9)

28 (27.7)
31 (30.7)
19 (18.8)

HM status
 Diagnosis/Induction therapy
 Remission (partial or complete)
 Progression

21 (56.8)
11 (34.4)
16 (50)

16 (43.2)
21 (65.6)
16 (50)

0.168
37 (36.6)
32 (31.7)
32 (31.7)

Stem cell transplantation
 No
 Allo
 Auto

38 (60.3)
5 (18.5)
5 (45.5)

25 (39.7)
22 (81.5)
6 (54.5)

0.001
63 (62.4)
27 (26.7)
11 (10.9)

Graft-versus-host disease  3 (20) 12 (80) 0.021 15 (14.9)
AKI KDIGO stages
 Stage 1
 Stage 2
 Stage 3

3 (75)
7 (87.5)

38 (42.7)

1 (25)
1 (12.5)

51 (57.3)

0.020
4 (4)

8 (7.9)
89 (88.1)

AKI etiology
 Exclusive prerenal
 Obstructive
 Nephrotoxicity
 Tumor lysis syndrome
 Hypercalcemia
 Glomerulonephritis
 Thrombotic microangiopathy
 Tumor renal infiltration

10 (90.9)
5 (71.4)

24 (35.3)
4 (40)

8 (88.9)
2 (100)

0 (0)
5 (62.5)

1 (9.1)
2 (28.6)

44 (64.7)
6 (60)

1 (11.1)
0 (0)

2 (100)
3 (37.5)

0.002
0.252

<0.001
0.744
0.013
0.223
0.496
0.472

11 (10.9)
7 (6.9)

68 (67.3)
10 (9.9)
9 (8.9)
2 (2)
2 (2)

8 (7.9)
Intensive care unit 8 (15.4) 44 (84.6) <0.001 52 (51.5)
Score APACHE II 25 ± 7 32 ± 9 0.051 30.7 ± 8.9
Score SAPS II 50 ± 9 72 ± 22 <0.001 68.4 ± 21.9
Invasive mechanical ventilation 2 (4.3) 44 (95.7) <0.001 46 (45.5)
Septic shock 3 (6.7) 42 (93.3) <0.001 45 (44.6)
Renal support therapy 18 (29.5) 43 (70.5) <0.001 61 (60.4)
Renal support therapy modality
 No
 HD
 CVVH
 HD and CVVH

30 (75)
15 (75)
2 (6.5)
1 (10)

10 (25)
5 (25)

29 (93.5)
9 (90)

<0.001
40 (39.6)
20 (19.8)
31 (30.7)
10 (9.9)

Data are shown as mean ± standard deviation (SD) or n (%). p-Values below 0.05 were marked as bold. HM, hematological malignancies; HD, hemodialysis; CVVH, continuous venovenous hemofiltration; AML, 
acute myeloid leukemia; ALL, acute lymphoid leukemia; NHL, non-Hodgkin lymphoma; MM, multiple myeloma.
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  � GFR comparison

Seventeen patients had registers of GFR at 3 moments: basal, one-
month and one-year. Basal GFR, one-month GFR and one-year GFR 
were, respectively, 65.7 ± 28.9 mL/min/1.73m2, 57.1 ± 28.5 mL/
min/1.73m2 and 54.9 ± 28.1 mL/min/1.73m2. There were statistically 
significant differences between the values of basal GFR and one-month 
GFR (P = 0.033), and basal GFR and one-year GFR (P = 0.017). 40 
patients had data on both basal GFR and one-month GFR: 60.6 ± 28.9 
mL/min/1.73m2 and 51.2 ± 29.2 mL/min/1.73m2 (P = 0.003), respec-
tively. These results are shown in Figure 1.

  � Predictors of mortality

The independent predictors for in-hospital mortality are listed in 
Table II. 

The β coefficient of the two variables were used to estimate the 
probability of in-hospital death according to the equation:

P =
1

 with β = –2.365 + 3.903 x IMV + 1.628 x IDHS
1 + eβ

 
IMV, invasive mechanical ventilation; IDHS, infection during in-

hospital stay.

The probability of in-hospital death for a given risk factor combina-
tion, based on the equation model, is shown in Table III. 

For a patient with IMV and infection during hospital stay, the prob-
ability of in-hospital death was 96%.

According to the Hosmer-Lemeshow test, the reliability of the mod-
els was adequate (P = 0.882). Figure 2 represents the ROC curve drawn 
for the predicted probabilities of the logistic regression model. The 
C-statistic was 0.927 (95% CI 0.871–0.983), indicating that the equation 
with two variables had great discriminatory power. Based on the Youden 
index–optimized cut-off value of 0.573 (probability of in-hospital death 
57.3%), the model had a sensitivity of 83% and a specificity of 95.8%. 
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Figure 1

(a) Comparison between basal, one-month and one-year GFR; N = 17. (b) Comparison between basal and one-month GFR; N = 40.
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Table II

Multivariate logistic regression analysis of the predictors for in-hospital death.

Predictors OR 95% CI P-value
IMV 49.526 9.167 – 267.567 <0.001
Infection during in-hospital stay 5.091 1.184 – 21.887 0.029

IMV, invasive mechanical ventilation.

Table III

Probability of in-hospital death according to each of the two risk factors.

IMV IDHS Probability of in-hospital death, %
No No 8.6
No Yes 32.4
Yes No 82.3
Yes Yes 96

IMV, invasive mechanical ventilation; IDHS, infection during in-hospital stay.

Table IV

Independent predictors for one-year mortality (Cox proportional hazard model).

Predictors HR 95% CI P-value
NHL 2.883 1.542 – 5.391 0.001
Tumor progression 2.356 1.286 – 4.315 0.006
IMV 6.383 3.502 – 11.635 <0.001
Albumin 0.567 0.351 – 0.914 0.020

NHL, non-Hodgkin lymphoma; IMV, invasive mechanical ventilation.
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The independent predictors for one-year mortality are listed in 
Table IV. 

  � Survival curves

The cumulative survival is represented in Figure 3. Survival rates 
were 65.3%, 35.6%, 24.8%, 20%, 20% and 17.8% at 1 month, 6 months, 
1, 2, 3 and 4 years, respectively.

 � DISCUSSION

Patients with HM are at the highest risk for AKI development in 
most case series. AKI may be due to the direct effects of the malig-
nancy, such as light chain cast nephropathy in patients with multiple 
myeloma, or may be a consequence of the therapy, that leads to 
immunosuppression and neutropenia, making patients more suscep-
tible to sepsis8. AKI etiologies in patients with cancer have become 
more complex and multi-factorial. Clinicians should focus more on 
AKI prevention, as AKI has the potential to significantly worsen out-
comes, particularly among patients with HM9.

Our work aimed to determine which prognostic features contribute 
to in-hospital and one-year mortality of patients with HM and AKI. 
There is a lack of studies in this particular population. We built a 
predictive model to assess the prognosis, which could help in the 
clinical decision-making process.

We found that HM patients who developed AKI were more fre-
quently male (63.4%), with a mean age of 58.68 ± 16.84 years and 
had MM (30.7%). Our population is older and the incidence of MM 
is higher than in previous studies1,4.

Among the etiologies of AKI, nephrotoxicity was the most prevalent 
(67.3%). This finding is supported by previous studies10,11. It was 
mainly associated with antibiotics (vancomycin, aminoglycosides, 
antifungals and antivirals) and less often to chemotherapy drugs. 
Radiocontrast-associated nephropathy is overestimated, since today 
we use hypoosmolar media and actively apply intravenous hydration 
to prevent contrast nephropathy in patients with serum creatinine 
>1.5 mg/dL or GFR<60mL/min/1.73m2 with comorbidities or significant 
proteinuria, or GFR<45mL/min/1.73m2 even in the absence of pro-
teinuria or any other comorbidities. The study of Wilhelm-Leen E. et 
al.12 suggests the same. In the cases where contrast medium could 
have a role in the physiopathology of AKI, the patients were also 
treated with a variety of other nephrotoxic medications, mainly anti-
microbial agents due to septic complications or were also exposed to 
calcineurin inhibitors (CNI).

TLS appeared in few cases (9.9%), probably due to the extensive 
use of prophylactic rasburicase and allopurinol in our institution, which 
is an effective preventive measure13 Tumor infiltration is a common, 
but under-recognized complication of HM and was diagnosed in 7.9% 
of the patients. Thrombotic microangiopathy (2%) was seen in allo-
geneic HSCT patients. Glomerulonephritis (2%) corresponded to a 
case of light-chain deposition disease and a case of ANCA vasculitis 
with tumor infiltration by NHL. We had 3 cases of hemophagocytic 
lymphohistiocytosis (HLN), which has been reported in association 
with malignancies, most commonly lymphoid cancers (including B, T, 
and NK cell) and leukemias. Importantly, some aggressive malignancies 
may manifest as sepsis-like syndromes with multiple organ failures, 
comprehending HLH or severe TLS and emergent chemotherapy treat-
ment is started in patients receiving life-sustaining therapies14.

AKI occurs in ~50% of patients after HSCT and is one of the most 
common serious complications of HSCT15. The main causes of AKI in 
this particular population where the association of sepsis, septic shock 
with ischemic insults and nephrotoxic drugs like CNI and antibiotics. 

In-hospital and one-year mortality among patients with acute kidney injury and hematological malignancies

Figure 2

ROC curve to predict in-hospital death in our study population. Sensitivity: 83%; 
Specificity: 95.8%; C-statistic: 0.927; P<0.001.

 

Figure 3

Kaplan-Meier mortality curve.
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Typically, this occurs within 30 days of the transplant and early-onset 
AKI is a poor prognostic factor for allogeneic HSCT recipients16. Throm-
botic microangiopathy resulted from drugs, namely calcineurin inhibi-
tors and acute GVHD. Total body irradiation, which is often related to 
thrombotic microangiopathy, is not performed at our institution. The 
most common forms of GVHD were cutaneous and gastrointestinal, 
which results in severe diarrhea contributing to prerenal AKI. Antivirals 
prophylaxis or therapeutics lead to tubular injury. In our population 
there were 2 cases of sinusoidal obstruction syndrome that initiated 
as a prerenal AKI and lately evolved to acute tubular injury. Autologous 
HSCT is associated with a relatively lower incidence of AKI, when 
compared to allogenic HSCT, probably because patients do not suffer 
from graft versus host disease (GVHD) and do not require the use of 
calcineurin inhibitors17. 

GFR comparisons corroborated that AKI in cancer patients is associ-
ated with a higher risk of developing chronic kidney disease (CKD)9. 
In our population, the mean basal GFR was >60mL/min/1.73m2, and 
after an AKI event, the mean one-month and one-year GFR corre-
sponded to CKD stage G3a.

Our findings revealed that the association of IMV and infection 
during hospital stay yielded a 96% risk of in-hospital death. Chuva T. 
et al.4 reported, in a study conducted at our institution between 1995 
and 2014, that septic shock, IMV and allogeneic SCT were independent 
predictors of death in this population, corroborating our results and 
showing that infection, independent of ICU admission and IMV, had 
a huge burden in the prognosis of these patients and that these find-
ings have not changed in recent years, despite therapeutic advances. 
The independent predictors for one-year mortality were NHL, tumor 
progression and IMV. Indeed, the need for IMV has been associated 
with mortality in numerous studies18,19. 

We found that more elevated levels of albumin at AKI diagnosis 
conferred a better prognosis at one year, probably not only reflecting 
the severity of infection during in-hospital stay as it is a negative 
acute-phase reagent of inflammation, but also representing the nutri-
tional status of the patients who predicts its survival at one year. 
Lahoti et al.20 highlighted the presence of hypoalbuminemia as a 
significant predictor of AKI.

There is a lack of data about timing, modality and dose of RST in 
the setting of patients with malignancy and AKI, and ethical concerns 
about initiation of RST in these patients, make decisions very difficult 
for the nephrologist. In our study, 51.5% of the patients were observed 
in the ICU setting and overall mortality was 52.5%. Higher mortality 
rates are reported in the studies conducted only in ICU patients10,21, 
and if the series include allogeneic HSCT recipients, the survival is 
even lower. These ICU-admitted patients developing AKI are much 
sicker patients, needing RST not only for uremia but also for inadequate 
water balance, and it is not related with the RST per se. However, 
Darmon et al.10 concluded that in-hospital mortality of HM patients 
developing AKI or requiring RST is close to the general ICU population, 
and Azoulay et al.22 affirms that over the last two decades, the number 
of patients with HM admitted to the ICU has increased and their 
mortality has dropped sharply. In our study the overall survival rates 
were 65.3%, 35.6%, 24.8%, 20%, 20% and 17.8% at 1 month, 6 months, 
1, 2, 3 and 4 years, respectively.

In our population, 60.4% of the patients needed RST: 30.7% CVVH, 
19.8% HD, 9.9% CVVH and HD. The choice of RST technique depended 
mainly upon hemodynamics, degree of impairment of other organs, 
modalities available in our unit and trained staff.

Our study has a few limitations. First, our report is limited by a 
retrospective single-center design, which limits the generalization 
of our findings to other institutions or patient populations. Second, 
we included a broad spectrum of hematological diagnosis with dif-
ferent diseases that have per se different clinical characteristics. For 
example, ALL affects younger patients, and MM has a higher inci-
dence in older patients, which could limit comparisons. Third, many 
patients were exposed to more than one factor that could contribute 
to the etiology and physiopathology of AKI, so it´s difficult to assess 
the real contribution of each factor and consequently its burden on 
the prognosis.

 � CONCLUSIONS

Our model showed that HM patients with AKI are at high risk of 
IDHS and IMV, resulting in elevated in-hospital death. Elevated levels 
of albumin at AKI diagnosis correlated with a better one-year survival, 
while NHL, cancer progression and IMV were risk factors for death.

Although RST in this population is linked with high mortality rates, 
mainly in patients admitted to ICU, this is related with the disease 
severity and not with the RST per se. Therapy should be individualized. 
Further multicentre research is needed in this particular population 
that will allow validation of our model and will create tools to help in 
the clinical decision-making process.
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