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Original Article

Predictors and Outcome of Acute Kidney
Injury in Patients With Acute Myelogenous
Leukemia or High-Risk Myelodysplastic
Syndrome

Amit Lahoti, MD'; Hagop Kantarjian, MD?; Abdulla K. Salahudeen, MD'; Farhad Ravandi, MD?; Jorge E. Cortes, MD?;
Stefan Faderl, MD?%; Susan O’Brien, MD?; William Wierda, MD?; and Gloria N. Mattiuzzi, MD?

BACKGROUND: Acute kidney injury (AKlis a common complication in the treatment of patients with acute myeloge-
nous leukemia (AML) or high-risk myelodysplastic syndrome (HR-MDS), but, to the authors’ knowledge, its clinical
relevance has not been detailed to date. The objective of the current study was to identify the incidence, predictors,
and outcome for AKI in patients with AML and HR-MDS. METHODS: Data were analyzed from 537 patients with
AML or HR-MDS undergoing induction chemotherapy from 1999 to 2007. Predictors for AKI were identified by
logistic regression. Eight-week mortality of patients was estimated by the Kaplan-Meier method stratified by the
RIFLE criteria, a novel multilevel classification system for AKI based on the percent rise in serum creatinine from
baseline (Risk, >50%; Injury, >100%; and Failure, >200% or requiring dialysis). RESULTS: A total of 187 patients
(36%) developed AKI. Significant independent risk factors for AKI included the following: age >55 years (odds ra-
tio [OR], 1.8), mechanical ventilation (OR, 16), use of vancomycin (OR, 2.3), diuretics (OR, 3.0), amphotericin B
lipid formulation (OR, 2.7), vasopressors (OR, 4.9), leukopenia (OR, 1.9), hypoalbuminemia (OR, 1.4), and use of
non-fludarabine-based chemotherapy (OR, 2.7). The 8-week mortality rates were 3.8%, 13.6%, 19.6%, and 61.7% for
the non-RIFLE, Risk, Injury, and Failure categories, respectively. Patients requiring dialysis (8%) had a median sur-
vival of 33 days. Survival of patients who achieved complete remission was favorable, regardless of degree of
AKIl. CONCLUSIONS: The RIFLE classification for AKI appears to have prognostic utility in predicting mortality in
patients with AML or HR-MDS. Relatively mild elevations in creatinine are associated with higher mortality. Strategies
to avoid nephrotoxic drugs or fluid overload may be of benefit. Cancer 2010;116:4063-8. © 2070 American Cancer
Society.

KEYWORDS: acute kidney failure, acute myeloid leukemia, myelodysplastic syndrome, dialysis, logistic models.

over the past several years, important advances have occurred in the treatment and supportive care of patients with he-
matologic malignancies. However, acute kidney injury (AKI) remains a common complication. The development of AKI
can limit further cancer treatment, increase the toxicity of chemotherapy and reduce its delivery, and exclude patients
from clinical trials. Recognized causes of AKI include tumor lysis syndrome, acute tubular necrosis from medications or
sepsis, volume depletion, and direct leukemic infiltration. AKI is a negative prognostic factor for overall survival," and
the need for hemodialysis is associated with a poor prognosis.3’4

Elevation in serum creatinine has traditionally been used as a marker of AKI. However, patients with cancer often
have decreased creatinine production secondary to cachexia, which may limit the sensitivity of creatinine as a marker of
kidney injury. Other variables including total body volume, ethnicity, medications, and protein intake may also affect se-
rum creatinine independent of renal function. Therefore, using an arbitrary level of serum creatinine as a marker of AKI
(ie, >1.5 or 2.0 mg/dL) may not be adequate. Greater than 35 different definitions of AKI have been used in the literature,
which has made cross-comparisons between studies difficult.

Corresponding author: Gloria N. Mattiuzzi, MD, Department of Leukemia, The University of Texas M. D. Anderson Cancer Center, 1515 Holcombe Blvd., Unit 428,
Houston, TX 77030; Fax: (713) 745-5372; gmattiuz@mdanderson.org

"Department of General Internal Medicine, Ambulatory Treatment and Emergency Center, The University of Texas M. D. Anderson Cancer Center, Houston, Texas;
Department of Leukemia, The University of Texas M. D. Anderson Cancer Center, Houston, Texas

DOI: 10.1002/cncr.25306, Received: October 7, 2009; Revised: February 3, 2010; Accepted: February 9, 2010, Published online May 28, 2010 in Wiley Inter-
Science (www.interscience.wiley.com)

Cancer  september 1, 2010 4063



Original Article

What may be a more accurate measure of kidney
injury is a classification system based on percent rise in se-
rum creatinine relative to baseline. One such model is the
RIFLE classification, which defines 3 levels of AKI: Risk
(>50% rise in serum creatinine), Injury (>100% rise in
serum creatinine), and Failure (>200% rise in serum cre-
atinine).” The prognostic value of the RIFLE classification
has been validated in numerous studies, but to the best of
our knowledge has not been evaluated in patients with
acute leukemia. No recent studies have examined the inci-
dence, risk factors, and outcomes of AKI in patients with
acute leukemia. The objective of this analysis is to estimate
the incidence of AKI in patients with acute myelogenous
leukemia (AML) or high-risk myelodysplastic syndrome
(HR-MDS) undergoing induction chemotherapy and to
evaluate the risk factors for AKI.

MATERIALS AND METHODS

The study included all patients aged >16 years with AML
or HR-MDS (bone marrow with >10% blasts) who
underwent induction chemotherapy in the Department of
Leukemia at The University of Texas M. D. Anderson
Cancer Center from 1999 through 2007. Patients with a
baseline serum creatinine >1.5 mg/dL were excluded from
the analysis. The protocol was approved by the Institutional
Review Board. Institutional databases used included the
Protocol Data Management System, Enterprise Informa-
tion Warchouse, and the Department of Pharmacy data-
bases. The data were incorporated into a single spreadsheet

using Excel 12.2 for Mac (Microsoft, Seattle, Wash).

Statistical Analysis

Descriptive data were presented as medians with inter-
quartile ranges for continuous variables and as absolute
numbers with percentages for categorical variables. Corre-
lated data were assessed by correlation coefficients, and no
variables were significantly correlated >0.6. Baseline de-
mographic and clinical data were analyzed in a multivari-
ate logistic regression model using the backward stepwise
selection method. The primary endpoint for logistic
regression was AKI defined as at least a 50% rise in serum
creatinine relative to baseline during induction chemo-
therapy. Overall model fit was assessed by the likelihood
ratio test. Ten-fold cross-validation deleting one-tenth of
observations was used to test model robustness, with area
under the receiver operating characteristic (AUROC)
curve calculated to assess the predictive ability of the
model. A similarly cross-validated Hosmer-Lemeshow
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chi-square statistic was used to assess calibration. Model
specification and linearity of predictor variables were
tested and found to be intact. For survival analysis, AKI
was further defined by the RIFLE criteria into degrees of
severity of kidney injury: Risk (>50% rise in serum creati-
nine), Injury (>100% rise in serum creatinine), and Fail-
ure (>200% rise in serum creatinine). Patients who
required dialysis were automatically classified into the
RIFLE-Failure category, regardless of the percent rise in
creatinine. Mortality at 8 weeks was assessed for patients
with and without AKI as defined by the RIFLE criteria by
the Kaplan-Meier method. Survival curves were stratified
by disease response (complete remission [CR] vs no CR).
Patients were censored at death or last known follow-up,
as determined by the clinical record. A 2-tailed P value
<.05 was considered statistically significant. No patients
were excluded from the analysis because of missing data.
Statistical analysis was performed with Stata 10 for Mac-
intosh (StataCorp, College Station, Tex).

RESULTS

The patient characteristics are presented in Table 1. The
median age was 56 years (range, 17-84 years). Nearly all
the patients (98%) received high-dose cytarabine (HD-
AC) -containing regimens as induction chemotherapy.
Approximately 60% of the patients achieved CR, and
4.5% achieved CR with persistent thrombocytopenia. The
median time to CR was 30 days (range, 18-144 days).

AKI, defined as a 50% rise in serum creatinine,
developed in 187 patients (36%). The median time to the
development of AKI was 18 days (range, 2-95 days). All
factors were found to be significant predictors of AKI on
univariate analysis except gender, ethnicity, undetlying
disease, and baseline platelet count. Using backward step-
wise logistic regression, variables that remained significant
predictors of AKI in the adjusted model were as follows:
age >55 years; mechanical ventilation; vasopressors; low
white blood cell count (WBC); hypoalbuminemia; non-
fludarabine—based regimens; and the use of intravenous
(iv) diuretics, vancomycin, and amphotericin B lipid for-
mulation. Factors that were no longer found to be signifi-
cant in the multivariate model were aminoglycosides,
underlying disease, Zubrod performance status, infection
at the start of chemotherapy, iv contrast, and baseline bili-
rubin level. Although not statistically significant, gender
was kept in the final model as it was believed to be clinically
relevant. The model was determined to be statistically

robust and appropriately calibrated (Table 2).
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By further defining AKI by the RIFLE criteria, we
classified 15%, 10%, and 11% of patients into the
RIFLE-Risk, Injury, and Failure categories, respectively

Table 1. Patient Characteristics

Characteristic Value
Median age (range), y 56 (17-84)
Gender, no. (%)

Male 281 (52)

Female 256 (48)
Race, no. (%)

Caucasian 427 (80)

African American 38 (13)

Other 72 (7)
Mechanical ventilation, no. (%)? 43 (8)
Vasopressors, no. (%)? 41 (8)
Diuretics, no. (%)? 315 (59)
Vancomycin, no. (%)? 281 (52)
Amphotericin B, no. (%)? 234 (44)
Aminoglycosides, no. (%)? 38 (7)
Intravenous contrast, no. (%)? 85 (16)
Underlying disease

AML, no. (%) 473 (88)

HR-MDS, no. (%) 64 (12)
Zubrod performance status, no. (%)

0-2 523 (97)

3-4 14.(3)
Presence of infection at initiation of 69 (13)

chemotherapy, no. (%)
Median baseline platelet count (range), k/uL 50 (4-676)
Median baseline WBC count (range), k/uL 5.3 (0.3-248.4)
Median baseline albumin (range), gm/dL 3.3 (1.7-5.3)
Median baseline bilirubin (range), mg/dL 0.6 (0.1-4.7)
Chemotherapy

Fludarabine + HD-AC, no. (%) 92 (17)

Clofarabine + HD-AC, no. (%) 56 (10)

Cyclophosphamide + topotecan + 46 (9)

HD-AC, no. (%)

Daunorubicin + HD-AC, no. (%) 86 (16)

Idarubicin + HD-AC, no. (%) 248 (46)

Miscellaneous regimen, no. (%) 9(1.7)

AML indicates acute myelogenous leukemia; HR-MDS, high-risk myelodys-
plastic syndrome; WBC, white blood cell count; HD-AC, high-dose
cytarabine.

2Included if patient received therapy at anytime from induction to date of
maximum creatinine.

(Table 3). The median elevation in creatinine from base-
line was 0.6 mg/dL, 1.0 mg/dL, and 2.1 mg/dL, respec-
tively. We found that 64% of patients did not develop
AKI, and the 8-week mortality of these patients was 4%.
In comparison, there was a stepwise increase in mortality
at 8 weeks for patients with higher degrees of renal injury:
13.6%, 19.6%, and 61.7% for the RIFLE-Risk, -Injury,
and -Failure categories, respectively (2 < .001 compared
with non-AKI category). When stratified by disease
response, the effect of AKI on mortality was predominantdy
observed in patients who did not achieve CR (Fig. 1).

Table 2. Univariate and Multivariate Logistic Regression for
Predictors of AKI

Univariate Multivariate
Analysis Analysis
P OR 95% CI P
Age >55y <.001 1.8 1.1-2.8 .012
Male vs female 42 0.9 0.6-1.4 .59
Black vs white .28
Cytogenetics
Favorable vs normal .001
Unfavorable vs normal .001
Other vs white .39
Mechanical ventilation <.001 16 3-75 <.001
Vasopressors <.001 4.9 1.3-19 .021
Intravenous diuretics <.001 3.0 1.8-4.8 <.001
Vancomycin <.001 2.3 1.4-3.9 .002
Amphotericin B <.001 2.7 1.6-4.4 <.001
Aminoglycosides .027
HR-MDS vs AML .091
Zubrod performance .003
status (3-4 vs 0-2)
Infection <.001
Intravenous contrast .002
Platelet count .69
WwBC .002 19 1.1-34 .028
Albumin <.001 0.7  0.5-0.99 .049
Bilirubin .001
Non-fludarabine-based <.001 2.7 1.3-5.5 .008
regimen

AKI indicates acute kidney injury; OR, odds ratio; 95% Cl, 95% confidence
interval; HR-MDS, high-risk myelodysplastic syndrome; AML, acute my-
elogenous leukemia; WBC, white blood cell count.

Table 3. Kaplan-Meier Estimates of 8-Week Mortality by RIFLE Category

Initial Cr® Maximum Cr? No. of Patients (%) 8-Week Mortality 95% CI
No AKI 0.9 1.0 345 (64) 3.8% 2.2-6.4%
RIFLE-Risk 0.9 15 81 (15) 13.6% 7.8-23%
RIFLE-Injury 0.8 1.8 51 (10) 19.6% 11-33%
RIFLE-Failure 0.9 3.0 60 (11) 61.7% 50-74%

RIFLE indicates a classification system that defines 3 levels of acute kidney injury (AKI): Risk (>50% rise in serum creatinine), Injury (>100% rise in serum cre-
atinine), and Failure (>200% rise in serum creatinine); Cr, serum creatinine; 95% Cl, 95% confidence interval.

#Median values.
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Figure 1. Kaplan-Meier estimates of patient survival stratified
by disease response: (A) complete disease remission and (B)
no complete remission. RIFLE indicates a classification sys-
tem that defines 3 levels of acute kidney injury (AKI): Risk
(>50% rise in serum creatinine), Injury (>100% rise in serum
creatinine), and Failure (>200% rise in serum creatinine).

Dialysis was required in 8% of patients (43 of 537
patients). Survival of patients who required dialysis was
poor, with a median survival of 33 days. Among the
RIFLE-Failure category, the 8-week mortality was similar
between patients who required dialysis and those who did
not (60% vs 65%, respectively; P =.7).

DISCUSSION

To the best of our knowledge, the current study is the larg-
est reported study of patients with hematologic malignan-
cies who develop AKI published to date. We found that
AKI, defined as a 50% rise in creatinine from baseline,
was present in 36% of patients with AML and HR-MDS
undergoing induction chemotherapy. We also deter-
mined that patients with mild renal injury (RIFLE-Risk
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category) had a significantly higher mortality rate than
patients without AKI, although the effect of AKI on mor-
tality was noted mainly in patients who did not achieve
CR. We also identified several predictors of AKI: age >55
years; mechanical ventilation; vasopressors; low WBC;
hypoalbuminemia; use of vancomycin, diuretics, and
amphotericin B lipid formulations; and use of non-fludar-
abine-based chemotherapy. In our analysis, patients who
achieved CR had a favorable outcome regardless whether
renal failure was present. This is not unexpected consider-
ing that the same clinical features that predict for the de-
velopment of renal failure are associated with the
probability of achieving CR. These features include age
and type of chemotherapy. However, the probability of
achieving CR was significantly lower for patients who
developed renal failure (41%) compared with those with-
out renal failure (71%; P < .001). Thus, CR is still the
most important predictor of long-term survival. The sur-
vival of patients who required dialysis after induction
chemotherapy was extremely poor.

The findings in the current study are in agreement
with other studies examining the utility of the RIFLE clas-
sification system as a prognostic model for AKI. Lopes
et al found a similar stepwise decrease in overall survival
with worsening RIFLE class in patients undergoing stem
cell transplantation.® Several studies in patients without
cancer have demonstrated a similar relation between
RIFLE class and mortality among patients in the intensive
care unit (ICU) after cardiac surgery, with burn injury,
and after liver transplantation.”'" To the best of our
knowledge, the current study is the first to report the util-
ity of the RIFLE criteria in patients with acute leukemia.
By using the RIFLE criteria, we have emphasized that rel-
atively mild elevation in creatinine as small as 0.6 mg/dL
(RIFLE-Risk category) were associated with a significantly
higher mortality rate.

The current study findings are also consistent with
prior studies of AKI in patients with hematologic malig-
nancies. As in our present study, age, sepsis, and nephro-
toxic drugs have been previously reported to be predictors
of AKL.>'? In contrast with the results of Munker et al, we
did not find male gender to be a significant risk factor.'
Others have reported an incidence of AKI in 15% to 40%
of patients with acute leukemia,'>'* which is lower than
the incidence of 36% reported in the current study. How-
ever, a more conservative definition for AKI was used in
these studies, such as doubling of serum creatinine or an
absolute value >3.4 mg/dL. The incidence of AKI in
these studies, when defined by the RIFLE criteria, was
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likely higher than reported. Benoit et al found that crit-
ically ill patients with hematologic malignancies who were
receiving dialysis had a higher incidence of ICU stays and
hospitalizations and higher 6-month mortality rates com-
pared with patients without hematologic malignancies.'’
Further studies have reported a 84% to 96% hospital
mortality rate in patients with hematologic malignancies
who required dialysis.>*'° In comparison, the lower mor-
tality of patients in the current study (60% at 8 weeks)
may be reflective of improvements in renal replacement
therapy, critical care, and leukemia treatment.

The findings of the current study highlight the
potential benefit of avoiding nephrotoxic drugs. Several
alternatives to amphotericin, which have less renal toxic-
ity, have recently become available, such as the echinocan-
din class of antifungal drugs. These newer antifungal
drugs should help decrease the incidence of AKI. Vanco-
mycin use was also found to be a strong predictor of AKI in
the current study, which may reflect residual confounding
but may also suggest a direct causal effect, because vanco-
mycin nephrotoxicity has been described in several stud-
ies."*?° In addition, dosing guidelines for the treatment of
methicillin-resistant Staphylococcus aureus calling for higher
trough levels (15-20 mg/L) have required increased doses
of vancomycin, which may increase nephrotoxicity.”'
Others have reported that vancomycin doses >4 g/day"’
and serum trough levels >15 mg/L* were associated with
AKI. However, to the best of our knowledge, a physiologic
basis for direct injury has yet to be delineated. It is possible
that the use of alternative drugs such as linezolid or dapto-
mycin may also reduce the incidence of AKI in this setting.

There was a strong correlation noted between mechan-
ical ventilation and diuretics with AKI in the current study.
Many patients with acute leukemia develop acute lung
injury secondary to infectious etiologies. However, mechani-
cal ventilation and diuretic use may also reflect fluid over-
load secondary to aggressive hydration during induction
chemotherapy. A positive cumulative fluid balance has been
associated with increased mortality in other clinical settings
such as acute lung injury, sepsis, and stem cell transplanta-
tion.””*” Several studies have demonstrated a physiologic
relation between acute lung injury and AKI by means of sys-
temic cytokine release.”®*” A conservative fluid manage-
ment strategy or fluid removal by ultrafiltration may limic a
positive cumulative fluid balance, and thereby prevent the
need for mechanical ventilation and diuretics. Whether this
also indirectly decreases the incidence of AKI is of interest.

The use of chemotherapy regimens including anthra-
cyclines or topoisomerase I to II reactive agents was associ-
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ated with an independently higher risk of AKI. Our
experience to date has indicated that regimens containing
fludarabine and cytarabine are perhaps less toxic than other
regimens, an observation supported by this analysis. This
regimen is gentler than others on the gastrointestinal mucosa,
the disruption of which can lead to infection and a cascade of
events that may result in AKT and other organ failures.

The current study incorporated a relatively large
cohort of patients, likely to be representative of patients
seen in current clinical practice. We included a statistically
robust logistic regression model that was internally cross-
validated. The predictive ability of the model was respect-
able as determined by relatively large AUROC curve.

This study has some limitations. First, it is retrospec-
tive in nature, and any conclusions should be interpreted
as exploratory in nature. Second, we were limited by the
data that were already collected in the database. As such,
there may still be residual confounding, which we could
not ascertain. For example, there were no data concerning
uric acid levels, which may cause AKI in the setting of tu-
mor lysis syndrome. However, the advent of rasburicase has
made this less problematic, and perhaps not as relevant to
current clinical practice. Lastly, we were unable to exter-
nally validate our findings in a separate data set. Other
studies would be needed to corroborate our findings.

In summary, the RIFLE classification for AKI has
udility for mortality risk stratification in patients with acute
leukemia undergoing induction chemotherapy. However,
patients who achieve CR generally have a good prognosis
regardless of the degree of renal injury. We were able to
identify several predictors for AKI, and less nephrotoxic
therapies may decrease the incidence of AKI. Amphotericin
and vancomycin are strong predictors of AKI, and alterna-
tive drugs may be a consideration in the treatment of infec-
tions. In addition, a more conservative fluid management
approach may decrease the need for mechanical ventilation
and diuretic use, which may indirectly prevent AKI. Pro-
spective studies would be needed to determine whether
these strategies will actually decrease the incidence of AKI.
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