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G W N e

Simple Summary: Acute kidney injury (AKI) is a common complication among hospitalized cancer
patients, impacting the effectiveness of anticancer treatment and being associated with a poor
prognosis. The identification of risk factors and the underlying cause(s) of AKI ensures appropriate
intervention. Limited studies on this subject have been conducted to identify high-risk patients and
guide decisions on the initiation of renal replacement therapy (RRT). Our study provides an overview
of the causes of AKI and identifies prognostic determinants of the need for RRT and in-hospital
mortality. It introduces an easily calculated risk score that combines acute risk factors to predict
in-hospital mortality, potentially helping in clinical practice with the complex decision to initiate or
forgo RRT.

Abstract: Background: Acute kidney injury (AKI) is a common complication among cancer patients,
often leading to longer hospital stays, discontinuation of cancer treatment, and a poor prognosis. This
study aims to provide insight into the incidence of severe AKI in this population and identify the risk
factors associated with renal replacement therapy (RRT) and in-hospital mortality. Methods: This
retrospective cohort study included 3201 patients with cancer and severe AKI admitted to a Com-
prehensive Cancer Center between January 1995 and July 2023. Severe AKI was defined according
to the KDIGO guidelines as grade > 2 AKI with nephrological in-hospital follow-up. Data were
analyzed in two timelines: Period A (1995-2010) and Period B (2011-2023). Results: A total of
3201 patients (1% of all hospitalized cases) were included, with a mean age of 62.5 + 17.2 years. Solid
tumors represented 75% of all neoplasms, showing an increasing tendency, while hematological
cancer decreased. Obstructive AKI declined, whereas the incidence of sepsis-associated, prerenal,
and drug-induced AKI increased. Overall, 20% of patients required RRT, and 26.4% died during
hospitalization. A predictive model for RRT (AUC 0.833 [95% CI 0.817-0.848]) identified sepsis and
hematological cancer as risk factors and prerenal and obstructive AKI as protective factors. A similar
model for overall in-hospital mortality (AUC 0.731 [95% CI 0.71-0.752]) revealed invasive mechanical
ventilation (IMV), sepsis, and RRT as risk factors and obstructive AKI as a protective factor. The
model for hemato-oncological patients” mortality (AUC 0.832 [95% CI 0.803-0.861]) included IMV,
sepsis, hematopoietic stem cell transplantation, and drug-induced AKI. Mortality risk point score
models were derived from these analyses. Conclusions: This study addresses the demographic
and clinical features of cancer patients with severe AKI The development of predictive models for
RRT and in-hospital mortality, along with risk point scores, may play a role in the management of
this population.
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1. Introduction

Recent advances in cancer diagnosis and treatment have substantially improved
outcomes for oncological patients [1,2]. Concurrently, there is an increasing recognition of
cancer-related complications, including acute kidney injury (AKI), with an overall incidence
varying from 7.5 to 25.8% in large series [3-5].

The occurrence of AKI in this population may be directly related to malignancy,
resulting from the direct effects of cancer therapy that arise from treatment complications,
or be associated with non-cancer-related risk factors [6]. This multifactorial condition
confers a poor prognosis, often leading to an extended hospital stay and compromising
the efficacy of anticancer treatments [7]. The latter may occur because of the need to
discontinue or adjust targeted drug doses. Consequently, there is a risk of overdosing,
leading to increased toxicity, or suboptimal dosing, reducing the likelihood of achieving
remission [8,9].

An important and potentially effective strategy in AKI management is to uncover its
underlying cause(s) and associated risk factors to ensure appropriate intervention [10,11].
A subset of patients, typically characterized by more severe clinical presentations and
prognoses, may require nephrological consultation. The integration of prognostic tools that
identify individuals at high risk of mortality may help in the decision to initiate or forgo
renal replacement therapy (RRT) [12].

Previous studies on AKI in cancer patients have been limited to specific patient groups,
and high-quality epidemiological data are lacking to help with thoughtful decision-making.
Our study aimed to address this gap by determining the incidence of severe AKI, providing
an overview of the most common causes, and identifying prognostic determinants of the need
for RRT and in-hospital mortality in a Comprehensive Cancer Center. Our objective was also
to develop a quantitative risk score for in-hospital mortality in patients with severe AKL

2. Materials and Methods
2.1. Study Population and Data Collection

This retrospective cohort study of prospectively collected data, conducted at a single
tertiary referral oncological center, included patients with severe AKI (stage 2 or higher
according to the Kidney Disease: Improving Global Outcomes (KDIGO) criteria) who
were admitted to our inpatient clinic between 1 January 1995, and 31 July 2023, and with
nephrological in-hospital follow-up. Data analysis involved a comparison between two
timelines: 1995-2010 (referred to as Period A) and 2011-2023 (referred to as Period B),
corresponding to the era of conventional chemotherapy and the exponential utilization of
molecularly targeted agents, respectively.

Patients without an indication for cardiopulmonary resuscitation and those for whom
palliative care was the only cancer treatment option were excluded. Patients who under-
went renal transplantation were also excluded.

Laboratory and clinical information were extracted from both paper and electronic
hospitalization databases.

Data collection included basic demographic characteristics (age, sex), cancer diagnosis,
etiological characterization of AKI, postoperative state, intensive care unit (ICU) admission,
and need for invasive mechanical ventilation (IMV). Regarding hematological malignancies,
information on treatment with hematopoietic stem cell transplantation (HSCT), specifying
the type of donor and graft-versus-host disease (GvHD), was also gathered. The outcomes
of interest included the need for RRT and in-hospital mortality.

Approval was obtained from the Instituto Portugués de Oncologia do Porto
Ethics Committee.

2.2. Identification and Classification of Severe AKI

Severe AKI was defined as an increase in serum creatinine (SCr) of more than twice
the baseline SCr within 7 days, as outlined by the KDIGO guidelines [13]. Urine output
was not considered because it was unavailable to a substantial proportion of the patients.
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In most cases, the baseline SCr was considered the lowest SCr level obtained during
the hospitalization period or from previous assessments. For individuals with previously
normal renal function, we relied on creatinine measurements obtained within the year prior
to hospital admission. For patients with chronic kidney disease (CKD), this parameter was
limited to determinations obtained within the preceding 3 months.

The AKI stage was determined using the peak SCr level after AKI diagnosis and
classified according to the KDIGO criteria.

2.3. AKI Etiology

For each case, the nephrologist was asked to identify the potential primary underlying
cause of AKI based on the following classifications: exclusively prerenal, obstructive, sepsis-
associated, drug-induced, hypercalcemia, tumor lysis syndrome (TLS), glomerulopathy,
thrombotic microangiopathy, leukemic infiltration, myeloma cast nephropathy, monoclonal
gammopathy of renal significance (MGRS), and GvHD.

Prerenal AKI was characterized by evidence of volume depletion related to gastroin-
testinal symptoms (nausea, vomiting, and diarrhea), reduced food intake, bleeding, and/or
anemia [10]. It also encompasses nephrectomy-induced ischemic injury and edematous
states (hepatorenal and cardiorenal syndromes). A presumed subgroup of patients within
this classification may have developed ischemic acute tubular necrosis due to prolonged
prerenal injury.

Sepsis-associated AKI was defined as AKI in patients with sepsis or septic shock
according to the Third International Consensus Definitions for Sepsis and Septic Shock
(Sepsis-3) [14].

Owing to the multifactorial nature of AKI, more than one main cause was attributed
in some cases.

2.4. Statistical Analysis

Categorical variables are presented as frequencies and percentages, whereas continu-
ous parametric variables are expressed as the mean and standard deviation (SD). Univariate
analysis was performed using the chi-square test to examine the association between each
independent variable and both the need for RRT and in-hospital mortality.

Logistic regression was used to estimate the odds ratios (ORs) of the risk factors
influencing the requirement for RRT and in-hospital mortality within the cohort. All
variables showing significance in univariate analysis (p < 0.20) were incorporated into a
backward stepwise logistic regression model. Terms were eliminated if the likelihood ratio
statistics had a p > 0.10 and reintroduced if the likelihood ratio statistic indicated a p < 0.05.

An additive risk score for the predicted probability of in-hospital mortality was created
by attributing points corresponding to the nearest integer of twice each covariate’s OR.

Discrimination and calibration were assessed to evaluate the logistic regression and
risk score models. Discrimination was evaluated by the area under the receiver operating
characteristic (ROC) curve, with a value > 0.7 considered indicative of sufficient predictive
accuracy. The optimal cut-off value between sensitivity and specificity was determined
using Youden’s index (sensitivity + specificity — 1). Calibration, the agreement between
the predicted and observed risk of death, was assessed using the Hosmer—Lemeshow
goodness-of-fit test.

Statistical analysis was performed using the ‘Statistical Package for the Social Sciences’
version 29.0 for Windows (SPSS, Chicago, IL, USA). Statistical significance was set at
p <0.05.

3. Results
3.1. Baseline Characteristics
A total of 3201 cancer patients with severe AKI were included in the study. The mean

age was 62.5 &= 17.2 years, and 57.4% (n = 1836) were male. Baseline characteristics of the
patients are presented in Table 1.
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Table 1. Patients’ characteristics from Period A and Period B.
. Period A Period B
Characteristics Overall (1995-2010) (2011-2023) p-Value
Patients 3201 1588 1613
Male 1836 (57.4) 852 (53.7) 984 (61.0) <0.001
Age, mean + SD 625+ 17.2 59.2 +19.2 65.7 + 14.6 <0.001
>40 years 2880 (90.0) 1360 (85.5) 1523 (94.2) <0.001
<40 years 321 (10.0) 228 (14.4) 93 (5.8)
Multiple primary tumors 96 (3.0) 32 (2.0) 64 (4.0) 0.001
Cancer
Hematological 779 (24.3) 466 (29.3) 313 (19.4) <0.001
HSCT 284 (36.4) 172 (36.9) 112 (35.8) <0.001
Allo 133 (17.1) 77 (4.8) 54 (3.3)
Auto 148 (19.0) 95 (6.0) 58 (3.6)
Solid 2422 (75.7) 1122 (70.7) 1300 (80.6) <0.001
Gastrointestinal 749 (30.9) 319 (28.4) 430 (33.1)
Gynecological 571 (23.5) 224 (20.0) 347 (26.7)
Urological 438 (18.1) 287 (25.6) 151 (11.6)
Head and neck 172 (7.1) 87 (7.8) 85 (6.5)
Breast 128 (5.3) 79 (7.0) 49 (3.8)
Lung 123 (5.1) 31 (2.8) 92 (7.1)
Sarcoma 115 (4.7) 49 (44) 66 (5.1)
AKI etiology
Exclusively prerenal 666 (20.8) 277 (17.6) 389 (24.1) <0.001
Sepsis-associated 773 (24.1) 308 (19.4) 465 (28.8) <0.001
Drug-induced 599 (18.7) 265 (16.8) 334 (20.7) 0.006
Immunotherapy 52 (1.6) 0 52 (3.2) <0.001
Obstructive 889 (27.8) 503 (32.0) 314 (19.5) <0.001
Pos-operative AKI 321 (10) 187 (11.8) 134 (8.3) 0.001
Outcomes
ICU admission 637 (19.9) 326 (20.5) 311 (19.3) 0.377
™MV 423 (13.2) 233 (14.7) 190 (11.8) 0.016
RRT 539 (16.8) 279 (17.6) 260 (22.3) 0.002
CRRT 364 (11.4) 165 (10.4) 199 (12.3)
THD 310 (9.7) 131 (8.2) 179 (11.1)
Mortality 846 (26.4) 464 (29.2) 382 (23.7) <0.001

Values are n (%) unless specified otherwise. AKI: acute kidney injury; CRRT: continuous renal replacement
therapy; HSCT: hematopoietic stem cell transplantation; ICU: intensive care unit; IHD: intermittent hemodialysis;
IMV: invasive mechanical ventilation; RRT: renal replacement therapy; SD: standard deviation.

Solid tumors comprised 75.7% of all neoplasms, with gastrointestinal, urological, and
gynecological tumors being the most prevalent (30.9% (n = 749), 23.6% (n = 571), and 18.1%
(n = 438)). Less common cancer types included breast cancer (7.1%, n = 172), head and neck
cancer (5.3%, n = 128), lung cancer (5.1%, n = 123), sarcoma (4.7%, n = 115), and other solid
neoplasms (5.2%, n = 126). There was an increasing trend in solid tumors (80.6% vs. 70.7%,
p <0.001).

Non-Hodgkin lymphoma was the most prevalent hematological cancer (29.5%, n = 230),
followed by multiple myeloma (23.6%, n = 184), acute myeloid leukemia (17.0%, n = 132),
and acute lymphoid leukemia (13.7%, n = 107). Other diagnoses (16.2%, n = 126) in-
cluded myelodysplastic syndrome, chronic myeloid leukemia, chronic lymphoid leukemia,
Hodgkin lymphoma, and aplastic anemia. Of the 280 (36.5%) patients undergoing HSCT,
149 (52.5%) received autologous transplantation and 135 (47.5%) received allogeneic trans-
plantation, with 65.9% (n = 89) of allogeneic cases developing GvHD.
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3.2. Incidence and Characterization of Severe AKI

Between January 1995 and July 2023, 315,932 patients were hospitalized, corresponding
to an overall incidence of severe AKI of 1.0%.

The most common cause of severe AKI was obstructive (24.2%, n = 817), followed by
sepsis-associated (22.9%, n = 773), exclusively prerenal (19.7%, n = 666), and drug-induced
AKI (17.7%, n = 599). These represented more than 80% of all causes. Further details of the
additional causes are presented in Figure 1.

MGRS | 3
Thrombotic microangiopathy m 23
Leukemic infiltration Hl 26
Glomerulopathy m 28
Tumor lysis syndrome I 75
GvHD mmmm 89
Hypercalcemia IS 119
Myeloma cast nephopathy I 159
Drug-induced I 599
Exclusively prerenal I (6
Sepsis-associated I 773
Obstructive I 37

0 100 200 300 400 500 600 700 800 900

Number of patients

Figure 1. Main etiologies of severe AKI. GVHD: Graft-versus-host disease; MGRS: monoclonal
gammopathy of renal significance.

When comparing the four most common etiologies (Table 2), obstructive AKI showed a
higher association with urological (32.9%) and gynecological cancers (31.8%), and prerenal
AKI was more commonly linked to gastrointestinal tumors (35.3%). In contrast, sepsis-
and drug-induced AKI were predominantly associated with hematological neoplasms
(43.5% and 40.4%, respectively).

Table 2. Patients’ characteristics per AKI etiology.

Characteristics Obstructive Sepsis-Associated Prerenal Drug-Induced
n = 817 (24.2%) n =773 (22.9%) n =666 (19.7%) n =599 (17.7%)
Male sex 403 (49.3) 475 (61.4) 385 (57.8) 344, (57.4)
Age, mean £ SD 65.4 + 14.6 59.5+18.1 68.0 +13.2 59.1+19.4
Urological Hematological 336 Gastrointestinal Hematological 242
269 (32.9) (43.5) 235 (35.3) (40.4)
Most common neoplasms Gynecological Gastrointestinal Urological Gastrointestinal
260 (31.8) 152 (19.7) 121 (18.2) 99 (16.5)
Gastrointestinal 202 Urological Gynecological Head and neck
(24.7) 109 (14.1) 72 (10.8) 60 (10.0)
ICU admission 18 (2.2) 454 (58.7) 54 (8.1) 164 (27.4)
MV 6(0.7) 365 (47.2) 45 (6.8) 129 (21.5)
Outcomes RRT 49 (6.0) 355 (45.9) 69 (10.4) 170 (28.4)
Mortality 110 (13.5) 406 (52.5) 131 (19.7) 329 (32.9)

Values are n (%) unless specified otherwise. AKI: acute kidney injury; ICU: intensive care unit; IMV: invasive
mechanical ventilation; RRT: renal replacement therapy; SD: standard deviation.
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Despite being the most common AKI etiology, the incidence of obstructive AKI has
significantly decreased in recent years (19.5% vs. 32%, p < 0.001). In contrast, an increasing
incidence of other causes was reported, including sepsis-associated AKI (28.8% vs. 19.4%,
p <0.001) and prerenal AKI (24.1% vs. 17.6%, p < 0.001).

The incidence of postoperative AKI was 10% (n = 321). The four most common
neoplasms in this setting were gastrointestinal (45.2%, n = 145), urological (19%, n = 61),
gynecological (12.5%, n = 40), and head and neck cancer (10%, n = 32).

Concerning drug-induced AKI, its incidence has significantly increased in recent
years (20.7% vs. 16.8%, p = 0.006), concurrent with the emergence of AKI attributable to
immunotherapy (3.2% vs. 0%, p < 0.001). Approximately one-third of the patients had
more than one drug identified as potentially contributing to AKI. Notably, antineoplastic
treatment accounted for only 17.8% of all cases, with platinum-derived agents being the
most frequently implicated class (n = 54), followed by immune checkpoint inhibitors (ICI;
n = 52), ifosfamide (n = 12), and tyrosine kinase inhibitors (TKL n = 6). The predominant
drugs identified were not directly related to oncological treatment, with antibiotics (n = 193)
ranking as the most frequent, followed by nonsteroidal anti-inflammatory drugs (n = 151),
antivirals (n = 84), and antifungals (n = 80). Less frequently implicated drugs included
calcineurin inhibitors (n = 49) and bisphosphonates (n = 15). Contrast media nephrotoxicity
was reported in 46 patients, and it was mainly related to intra-arterial tumor embolization.

3.3. Need for RRT

Overall, 20% (n = 639) of patients required RRT: continuous RRT (CRRT) in 51%
(n = 328), intermittent hemodialysis (IHD) in 43% (n = 274), and both modalities in 6%
(n = 36). This number increased over the last years (22.3% vs. 17.6%, p = 0.002).

In univariate analysis, male sex (p = 0.008), age < 40 years (p < 0.001), hematological
cancer (p < 0.001), ICU admission (p < 0.001), and IMV (p < 0.001) were associated with
higher probability of requiring RRT. Concerning AKI etiology, sepsis and drug-induced AKI
were more frequently associated with RRT (p < 0.001), whereas exclusively prerenal and
obstructive AKI showed a less frequent association (p < 0.001). When analyzing exclusively
the hemato-oncological patients, both autologous and allogeneic HSCT required RRT more
frequently (p < 0.001), as well as those with GvHD (p < 0.001).

In the multivariate analysis (Table 3), IMV (OR 7.450 [95% CI 5.455-10.174]) and hema-
tologic cancer (OR 2.325 [95% CI 1.849-2.925]) were identified as predictive factors associ-
ated with the need for RRT. Conversely, prerenal (OR 0.019 [95% CI 0.006-0.060]) and obstruc-
tive AKI (OR 0.339 [95% CI 0.251-0.457]) were protective factors against the need for RRT. In
this multivariate model, sepsis-associated AKI did not reach statistical significance (OR 1.279
[95% CI 0.980-1.670]). Upon excluding IMV from the model (Table 4), sepsis-associated AKI
emerged as a robust predictor of RRT requirement (OR 3.037 [95% CI 2.462-3.746]).

Table 3. Predictors of RRT among patients hospitalized with severe AKI in the final logistic regres-

sion model.
Multivariate Analysis
Factors
B Coefficient OR (95% CI) p-Value
MV
No - Ref.
Yes 2.008 7.450 (5.455-10.174) <0.001
Type of cancer
Solid - Ref.
Hematological 0.844 2.325 (1.849-2.925) <0.001
Sepsis-associated AKI
No Ref.

Yes 0.246 1.279 (0.980-1.670) 0.071
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Table 3. Cont.

Multivariate Analysis

Factors

B Coefficient OR (95% CI) p-Value
Prerenal AKI
No - Ref.
Yes —3.968 0.019 (0.006-0.060) <0.001
Obstructive AKI
No - Ref.
Yes —1.083 0.339 (0.251-0.457) <0.001

AKT: acute kidney injury; CI: confidence interval; IMV: invasive mechanical ventilation; OR: Odds ratio.

Table 4. Predictors of RRT among patients hospitalized with severe AKI in the final logistic regression
model (excluding IMV).

Multivariate Analysis

Factors

B Coefficient OR (95% CI) p-Value
Type of cancer
Solid - Ref.
Hematological 1.267 3.552 (2.886—4.372) <0.001
Sepsis-associated AKI
No - Ref.
Yes 1.111 3.037 (2.462-3.746) <0.001
Prerenal AKI
No - Ref.
Yes —3.939 0.019 (0.006-0.061) <0.001
Obstructive AKI
No - Ref.
Yes —1.110 0.330 (0.246-0.442) <0.001

AKT: acute kidney injury; CI: confidence interval; IMV: invasive mechanical ventilation; OR: Odds ratio.

The reliability of both models was adequate, with p-values of 0.565 and 0.084, respec-
tively. The AUC was 0.854 (95% CI 0.838-0.869) for the first model and 0.833 (95% CI
0.817-0.849) for the second model, indicating good discriminability in both cases.

Table 5 shows the multivariate model specifically for patients with hematological
cancer (p = 0.174 for the Hosmer-Lemeshow test, AUC of 0.798, 95% CI 0.767-0.830),
revealing that IMV (OR 11.533 [95% CI 7.954-16.723]) and age < 40 years (OR 1.501 [95% CI
1.001-2.250]) were predictors for RRT, while prerenal (OR 0.056 [95% CI 0.013-0.247]) and
obstructive AKI (OR 0.457 [95% CI 0.245-0.854]) were identified as protective factors.

Table 5. Predictors of RRT among the subgroup of hospitalized patients with hematological cancer
and severe AKI in the final logistic regression model.

Multivariate Analysis

Factors

B Coefficient OR (95% CI) p-Value
MV
No - Ref.
Yes 2.445 11.533 (7.954-16.723) <0.001
Age
>40 years - Ref.
<40 years 0.406 1.501 (1.001-2.250) 0.049
Prerenal AKI
No - Ref.

Yes —2.886 0.056 (0.013-0.247) <0.001
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Table 5. Cont.

Multivariate Analysis

Factors
B Coefficient OR (95% CI) p-Value
Obstructive AKI
No - Ref.
Yes —0.782 0.457 (0.245-0.854) 0.014

AKI: acute kidney injury; CI: confidence interval; IMV: invasive mechanical ventilation; OR: Odds ratio;
RRT: renal replacement therapy.

3.4. In-Hospital Mortality and Risk Score Model

During hospitalization, 846 (26.4%) patients died. In-hospital mortality decreased over
time (23.7% vs. 29.2%, p < 0.001). Demographic and clinical data were compared between
survivors and in-hospital deceased patients (Table 6). CRRT patients had an almost five
times higher mortality risk than IHD patients (OR 8.545 [95% CI 6.717-10.871] vs. OR 1.756
[95% CI 1.375-2.244].

Table 6. Associations between predictor variables and in-hospital mortality among patients hospital-
ized with severe AKI.

Characteristics

Univariate Analysis

Overall Survivors Non-Survivors o
n = 3201 n = 2355 n = 846 OR (95% CD p-Value
Sex
Female 1365 (42.6) 1030 (43.7) 335 (39.6) Ref.
Male 1836 (57.4) 1325 (56.3) 511 (60.4) 1.186 (1.010-1.392) 0.037
Age
>40 years 2880 (90.0) 2150 (91.3) 730 (86.3) Ref.
<40 years 321 (10.0) 205 (8.7) 116 (13.7) 1.667 (1.308-2.124) <0.001
Multiple primary tumors
No 3105 (97.0) 2285 (97.0) 820 (96.9) Ref.
Yes 96 (3.0) 70 (3.0) 26 (3.1) 1.035 (0.655-1.635) 0.883
Type of cancer
Solid 2422 (75.7) 1903 (80.8) 519 (61.3) Ref.
Hematological 779 (24.3) 452 (19.2) 327 (38.7) 2.653 (2.233-3.151) <0.001
ICU admission
No 2564 (80.1) 2113 (89.7) 451 (53.3) Ref.
Yes 637 (19.9) 242 (10.3) 395 (46.7) 7.647 (6.327-9.243) <0.001
IMV
No 2778 (86.8) 2235 (94.9) 543 (64.2) Ref.
10.393
Yes 423 (13.2) 120 (5.1) 303 (35.8) (8.247-13.097) <0.001
AKI etiology
Exclusively prerenal
No 2535 (79.2) 1820 (77.3) 715 (84.5) Ref.
Yes 666 (20.8) 535 (22.7) 131 (15.5) 0.623 (0.505-0.769) <0.001
Sepsis-associated
No 2428 (75.9) 1988 (84.4) 440 (52.0) Ref.
Yes 773 (24.1) 367 (15.6) 406 (48.0) 4.998 (4.196-5.954) <0.001
Drug-induced
No 2602 (81.3) 1953 (82.9) 649 (76.7) Ref.
Yes 599 (18.7) 402 (17.1) 197 (23.3) 1.475 (1.217-1.787) <0.001
Obstructive
No 2312 (72.2) 1593 (67.6) 719 (85.0) Ref.
Yes 889 (27.8) 762 (32.4) 127 (15.0) 0.369 (0.300-0.454) <0.001
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Table 6. Cont.
Univariate Analysis
Characteristics Overall Survivors Non-Survivors
n = 3201 n = 2355 n =846 OR (95% CD) p-Value
Postoperative AKI
No 2877 (89.9) 2125 (90.2) 752 (88.9) Ref.
Yes 324 (10.1) 230 (9.8) 94 (11.1) 1.144 (0.888-1.475) 0.298
Need for RRT
No 2562 (80.0) 2066 (87.7) 496 (58.6) Ref.
Yes 639 (20.0) 289 (12.3) 350 (41.4) 5.045 (4.197-6.064) <0.001
Hematological malignancy
HSCT
No 498 (63.9) 336 (74.3) 162 (49.5) Ref.
Auto 148 (19.0) 65 (14.4) 83 (25.4) 2.648 (1.820-3.853) <0.001
Allo 133 (17.1) 51(11.3) 82 (25.1) 3.335 (2.243-4.958)
GvHD
No 694 (89.1) 415 (91.8) 279 (85.3) Ref.
Yes 85 (10.9) 37(8.2) 48 (14.7) 1.930 (1.224-3.041) <0.001

Values are n (%). AKI: acute kidney injury; CI: confidence interval; GvHD: Graft-versus-host-disease;
HSCT: hematopoietic stem cell transplantation; ICU: intensive care unit; IMV: invasive mechanical ventilation;
OR: Odds ratio; RRT: renal replacement therapy.

In the multivariate logistic regression analysis, IMV (OR 3.804 [95% CI 2.844-5.089]),
sepsis-associated AKI (OR 2.164 [95% CI 1.731-2.706]), and the need for RRT (OR 2.046
[95% CI 1.640-2.552]) were predictors of in-hospital death, while obstructive AKI was
found to be protective (OR 0.647 [95% CI 0.518-0.809]). The attributable scores for each
variable are listed in Table 7.

Table 7. Predictors of in-hospital mortality among patients hospitalized with severe AKI in the final
logistic regression model with score points.

Multivariate Analysis

Factors
B Coefficient OR (95% CI) p-Value  Score Points

MV

No - Ref.

Yes 1.336 3.804 (2.844-5.089) <0.001 8

Sepsis-associated AKI
No - Ref.
Yes 0.772 2.164 (1.731-2.706) <0.001 4
Need for RRT
No - Ref.
Yes 0.716 2.046 (1.640-2.552) <0.001 4
Obstructive AKI
No - Ref.
Yes —1.537 0.647 (0.518-0.809) <0.001 -1

AKT: acute kidney injury; CI: confidence interval; IMV: invasive mechanical ventilation; OR: Odds ratio; RRT: renal
replacement therapy.

Both models demonstrated adequate reliability (p = 0.834 and p = 0.904, respectively)
with overlapping AUC, indicating acceptable discriminability (Figure 2). According to the
best Youden’s index, the optimum cut-off value of 4 predicted in-hospital mortality using
this risk score model with a sensitivity of 60.0% and a specificity of 75.9%.

Sub-analysis of patients with hematological cancer revealed that IMV (OR 4.533
[95% CI2.817-7.294]), sepsis-associated AKI (OR 2.883 [95% CI 1.903-4.368]), HSCT
(OR 2.118 [95% CI 1.289-3.482] for autologous, and OR 2.125 [95% CI 1.268-3.559] for
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(@)

Sensitivity

Sensitivity

allogeneic), and drug-induced AKI (OR 1.727 [95% CI 1.179-2.529]) were predictive fac-
tors for in-hospital mortality. A trend towards an association between the need for RRT
and in-hospital death was observed (OR 1.451 [95% CI 0.975-2.159]). A corresponding
score-point model was created, as shown in Table 8. Upon comparing both models, which
demonstrated adequate reliability (p = 0.162 and p = 0.252, respectively), the AUC values
were found to be similar, indicating good discriminability (Figure 2). Using Youden’s index,
the optimum cut-off value of 10 was determined as the threshold for predicting in-hospital
mortality using this risk score model, with a sensitivity of 71.3% and a specificity of 80.8%.
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Figure 2. Receiver Operating Characteristic curves and Areas Under the Curve to predict in-hospital
death: (a) Final model for overall population; (b) Final model for the subgroup of patients with
hematological cancer; (c) Risk model score model for overall population; (d) Risk score model for the
subgroup of patients with hematological cancer. AUC: Area under the curve; CI: Confidence Interval.

Table 8. Predictors of in-hospital mortality among the subgroup of hospitalized patients with
hematological cancer and severe AKI in the final logistic regression model with score points.

Factors Multivariate Analysis
B Coefficient OR (95% CI) p-Value  Score Points
MV
No Ref.

Yes 1.511 4.533 (2.817-7.294) <0.001 9
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Table 8. Cont.

Factors Multivariate Analysis
B Coefficient OR (95% CI) p-Value  Score Points
Sepsis-associated AKI
No - Ref.
Yes 1.059 2.883 (1.903—4.368) <0.001 6
HSCT
No - Ref.
Auto 0.751 2.118 (1.289-3.482) 0.003 4
Allo 0.754 2.125 (1.268-3.559) 0.004 4
Need for RRT
No - Ref.
Yes 0.372 1.451 (0.975-2.159) 0.067 3
Drug-induced AKI
No - Ref.
Yes 0.546 1.727 (1.179-2.529) 0.005 3

AKT: acute kidney injury; CI: confidence interval; HSCT: hematopoietic stem cell transplantation; IMV: invasive
mechanical ventilation; OR: Odds ratio; RRT: renal replacement therapy.

Figure 3 depicts the cumulative incidence of in-hospital mortality, stratified by the risk
score, for the overall population and the subgroup of patients with hematological cancer.

a)
. 100%
(o]
g B g09 72.8%
§TE
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=
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= |
285 0% -
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Figure 3. (a) Cumulative incidence of in-hospital mortality stratified by risk score for the overall
population; (b) Cumulative incidence of in-hospital mortality stratified by risk score for the subgroup
of patients with hematological cancer.
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4. Discussion

Our analysis revealed that AKI affected 1.0% of cancer patients hospitalized during the
study period. This incidence was considerably lower than that reported in previous studies.
However, it is important to note that these studies also included cases of mild AKI. In a
cross-sectional study by Salahudeen et al., including 3558 patients hospitalized at a Com-
prehensive Cancer Center, the incidence of AKI was 12%. Based on the RIFLE classification,
the corresponding risk, injury, and failure stages were 68%, 21%, and 11%, respectively.
With the KDIGO and RIFLE stages showing similar discrimination for hospitalized patients,
we may conclude that approximately 4% had severe AKI (corresponding to stages 2 and
3 of KDIGO) [15,16]. Our study reflects the incidence of severe AKI, but it is limited to
cases followed by a nephrologist, which may partially explain the substantially lower
overall incidence. Another possible reason is that, since 1995, there have been well-defined
protocols and algorithms in our institution, which are regularly reviewed according to
the state-of-the-art for prophylaxis of AKI secondary to classical chemotherapy (namely
platinum-derived agents and ifosfamide), TLS, contrast media, bisphosphonates, and, more
recently, ICI and TKI. According to our protocols, most cases of less severe AKI are treated
by oncologists. Moreover, another subgroup of patients with AKI stages 1 and 2 could be
managed in our nephrological outpatient clinic.

In our study, obstructive AKI emerged as the most prevalent etiology, but a significant
decline in its incidence was observed when comparing data from two distinct periods. A
case series by Wong et al., involving 102 patients who underwent decompression for malig-
nant ureteral obstruction, reported a success rate of 95% after percutaneous nephrostomy
or ureteral stent [17]. This reduction may have been associated with improvements in
radiotherapy techniques. Whether obstructive AKI should be managed by nephrologists
remains controversial. However, their role is crucial in deciding the need for dialysis prior
to nephrostomy, evaluating which kidney requires this procedure, and determining the
benefit of bilateral urinary diversion to enable chemotherapy. We favor percutaneous
nephrostomy for rapid renal recovery. RRT was performed in only 6% of our patients,
owing to an adequate nephrological assessment and a prompt interventional radiology
response. The residual cases in which RRT was required before urinary diversion were due
to severe hyperkalemia, the need for anticoagulation reversal, or logistic reasons. These
patients presented low in-hospital mortality but a poor overall prognosis, with a median
survival of six months, as shown in previous results from our group [18].

Increasing age and comorbidities may explain the increased incidence of the other
etiologies.

Cancer patients are particularly susceptible to prerenal AKI, as indicated by multiple
studies. In our study, patients with gastrointestinal cancer accounted for 35% of the prerenal
AKI cases. These patients are exposed to a myriad of hemodynamic insults resulting from
nausea, vomiting, diarrhea, and anorexia, predisposing them to volume depletion [19,20].

Nearly 80% of patients treated with anticancer drugs are exposed to potentially nephro-
toxic drugs [21]. Our results indicate that less than one-fifth of the cases can be attributed
to cancer treatment. Apart from platinum-derived agents, which were primarily respon-
sible for anticancer drug nephrotoxicity in period A, a significant number of cases have
been associated with ICI, whose prescription has increased exponentially in recent years
(period B) [22].

Recent data have reported that the majority of AKI cases in patients receiving ICI are
mild to moderate [23]. In conjunction with the fact that there are several recommendations
and guidelines for managing immune-related adverse effects, many cases were not evalu-
ated by a nephrologist, suggesting that the incidence of immune-mediated AKI is probably
higher. Similar to the general population, antibiotics were the most implicated drug class
in our cohort [24].

Sepsis-associated AKI has been established to have the poorest prognosis, with more
patients requiring IMV and RRT. This finding is consistent with the existing literature [25,26].
For example, a study conducted by Yang et al. included 356 cancer patients with sepsis
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who were admitted to the ICU. In the sepsis-associated AKI group, IMV and RRT were
significantly higher than those in the non-septic AKI group and were also associated with
increased 28-day mortality [27]. CRRT is the most commonly used modality of RRT in the
ICU and, as previously shown, it is associated with a much higher mortality risk than IHD.

We identified factors associated with the need for RRT in cancer patients. In univariate
analysis, younger age predicted the requirement for RRT. This was also verified in a
sub-analysis of patients with hematological cancer, suggesting a likely connection to the
higher prevalence of hematological malignancies in this age group. Additional factors
contributing to RRT include IMV and hematological malignancies. Critically ill cancer
patients are exceptionally susceptible to AKI, and the incidence of requiring RRT varies
from 8 to 13% in patients with solid tumors, and 10-34% in patients with hematological
malignancies [28]. In clinical practice, decisions regarding the initiation or forgoing of
RRT often need to be made before admission to the ICU. After removing IMV from the
multivariate model, sepsis stood out as a predictor of the need for RRT.

The incidence of in-hospital mortality among cancer patients with severe AKI was
26.4% (n = 846). The presence of sepsis, IMV, and RRT, without evidence of an obstructive
component, conferred a cumulative incidence of mortality exceeding 70%. In patients with
hematological malignancies, HSCT was identified as a predictor of in-hospital mortality.
Similar findings were obtained by Parikh et al., who demonstrated that AKI is an indepen-
dent predictor of overall mortality after non-myeloablative HSCT [29]. The combination
of sepsis-associated AKI, drug-induced AKI, and IMV in a patient who underwent HSCT
resulted in a cumulative incidence of in-hospital mortality of almost 80%, raising questions
about the indication for aggressive life support therapies, such as RRT, in this scenario.

Although our study included a large sample size, several limitations should be consid-
ered. First, the retrospective study design has inherent limitations. However, the data were
collected prospectively, enabling one of the authors (JMC) to validate the incoming data
throughout the years. Second, similar to other retrospective studies, we did not use urine
output to detect AKI, as it was not available for all patients. Such patients would have
otherwise been categorized as having more severe AKI, which could have underestimated
the true incidence. Third, the exclusion of patients without an indication for cardiopul-
monary resuscitation and those who were on palliative care may have led to selection
biases and immortal time biases in relation to survival analysis. Fourth, we did not account
for heterogeneity in cancer stage and disease aggressiveness, important confounders when
analyzing predictors of RRT and mortality. This is also true for baseline CKD, a known
risk factor for AKI [30]. We may extrapolate from a cohort study conducted in our center
by Fernandes et al., published as an abstract in the Portuguese Kidney Journal. The study
included 636 patients hospitalized between 2021 and 2022, and it was found that 148 (36.4%)
from a total of 407 patients admitted with AKI had previous CKD. Fifth, we did not analyze
long-term mortality and CKD development due to the lack of follow-up data. Finally, the
scores were developed and tested in the same groups, which might have overestimated
overall performance. A study conducted at a specialized tertiary cancer hospital, which
exclusively includes severe AKI in patients with nephrological in-hospital follow-up, may
hamper the generalizability of the findings, requiring external validation.

5. Conclusions

Despite the aforementioned limitations, to the best of our knowledge, this study is one
of the few population-based studies to address the epidemiological and clinical features of
cancer patients with severe AKI. It introduces an easily calculated risk score that combines
acute risk factors to predict in-hospital mortality. This complementary prognostic tool could
help in clinical practice with the complex decision to initiate or forgo RRT by identifying
high-risk patients.

This study highlights the paradigm shift observed over the last few decades, wherein
severe AKI increasingly affects older patients and is less frequently associated with hema-
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tological diseases. Notably, a greater number of patients required RRT, but, despite this,
overall mortality decreased.

Author Contributions: Conceptualization, R.C.M., M.R,, T.C. and J.M.C.; methodology, RC.M., M.R,,
T.C.and ] M.C,; software, R.C.M.; validation, R.C.M. and ].M.C.; formal analysis, R.C.M.; investigation,
R.C.M,; resources, M.R. and ].M.C,; data curation, RC.M., M.R,, G.P. and I.S.; writing—original draft
preparation, R.C.M.; writing—R.C.M., G.P, IS, T.C., L.C., H.F,, A.P. and ]. M.C,; visualization, R.C.M.,
MR, G.P. and LS.; supervision, ].M.C.; project administration, ]. M.C. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Instituto Portugués de Oncologia do Porto Ethics Committee
(ref. no. 015/024).

Informed Consent Statement: Patient consent was waived due to the retrospective and non-
interventional nature of the study.

Data Availability Statement: The datasets generated and/or analyzed during the current study
are not publicly available. However, they are available from the corresponding author upon
reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Meraz-Munoz, A.; Langote, A.; Jhaveri, K.D.; Izzedine, H.; Gudsoorkar, P. Acute Kidney Injury in the Patient with Cancer.
Diagnostics 2021, 11, 611. [CrossRef] [PubMed]

2. Neal, R.D,; Tharmanathan, P; France, B.; Din, N.U.; Cotton, S.; Fallon-Ferguson, J.; Hamilton, W.; Hendry, A.; Hendry, M.;
Lewis, R.; et al. Is increased time to diagnosis and treatment in symptomatic cancer associated with poorer outcomes? Systematic
review. Br. J. Cancer 2015, 112, S92-5107. [CrossRef] [PubMed]

3. Cheng, Y; Nie, S.; Li, L,; Li, Y.; Liu, D.; Xiong, M.; Wang, L.; Ge, S.; Xu, G.; on behalf of the EACH Study Investigators.
Epidemiology and outcomes of acute kidney injury in hospitalized cancer patients in China. Int. J. Cancer 2019, 144, 2644-2650.
[CrossRef] [PubMed]

4. Kitchlu, A.; McArthur, E.; Amir, E.; Booth, C.M.; Sutradhar, R.; Majeed, H.; Nash, D.M.; A Silver, S.; Garg, A.X.; Chan, C.T; et al.
Acute Kidney Injury in Patients Receiving Systemic Treatment for Cancer: A Population-Based Cohort Study. J. Natl. Cancer Inst.
2019, 111, 727-736. [CrossRef] [PubMed]

5. Christiansen, C.F.; Johansen, M.B.; Langeberg, W.J.; Fryzek, J.P.; Serensen, H.T. Incidence of acute kidney injury in cancer patients:
A Danish population-based cohort study. Eur. J. Intern. Med. 2011, 22, 399-406. [CrossRef] [PubMed]

6.  Rosner, M.H.; Darmon, M.; Ostermann, M. Onco-nephrology: What the intensivist needs to know. Intensive Care Med. 2022, 48,
1234-1236. [CrossRef]

7. Lam, A.Q.; Humphreys, B.D. Onco-nephrology: AKI in the cancer patient. Clin. J. Am. Soc. Nephrol. 2012, 7, 1692-1700. [CrossRef]

8.  Perazella, M.A.; Moeckel, G.W. Nephrotoxicity from Chemotherapeutic Agents: Clinical Manifestations, Pathobiology, and
Prevention/Therapy. Semin. Nephrol. 2010, 30, 570-581. [CrossRef]

9.  Sprangers, B.; Sandhu, G.; Rosner, M.H.; Tesarova, P.; Stadler, W.M.; Malyszko, J. Drug dosing in cancer patients with decreased
kidney function: A practical approach. Cancer Treat. Rev. 2021, 93, 102139. [CrossRef]

10. Wang, L.-Y.; Wang, J.-N.; Diao, Z.-L.; Guan, Y.-M.; Liu, W.-H. Acute Kidney Injury in Oncology Patients. J. Cancer 2020, 11,
4700-4708. [CrossRef]

11. Givens, M.L.; Wethern, J. Renal complications in oncologic patients. Emerg. Med. Clin. N. Am. 2009, 27, 283-291. [CrossRef]

12.  vander Veen, A ; De Vusser, K.; De Moor, B.; Wildiers, H.; Cosmai, L.; Sprangers, B. How to use dialysis wisely in cancer patients?
J. Onco-Nephrol. 2021, 5, 79-86. [CrossRef]

13.  Khwaja, A. KDIGO clinical practice guidelines for acute kidney injury. Nephron Clin. Pract. 2012, 120, c179—c184. [CrossRef]
[PubMed]

14. Singer, M.; Deutschman, C.S.; Seymour, C.W.; Shankar-Hari, M.; Annane, D.; Bauer, M.; Bellomo, R.; Bernard, G.R.; Chiche, ].-D.;
Coopersmith, C.M.; et al. The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA 2016, 315,
801-810. [CrossRef] [PubMed]

15.  Fujii, T;; Uchino, S.; Takinami, M.; Bellomo, R. Validation of the Kidney Disease Improving Global Outcomes criteria for AKI and
comparison of three criteria in hospitalized patients. Clin. ]. Am. Soc. Nephrol. 2014, 9, 848-854. [CrossRef] [PubMed]

16. Salahudeen, A.K.; Doshi, S.M.; Pawar, T.; Nowshad, G.; Lahoti, A.; Shah, P. Incidence rate, clinical correlates, and outcomes of

AKI in patients admitted to a comprehensive cancer center. Clin. J. Am. Soc. Nephrol. 2013, 8, 347-354. [CrossRef] [PubMed]


https://doi.org/10.3390/diagnostics11040611
https://www.ncbi.nlm.nih.gov/pubmed/33805529
https://doi.org/10.1038/bjc.2015.48
https://www.ncbi.nlm.nih.gov/pubmed/25734382
https://doi.org/10.1002/ijc.31993
https://www.ncbi.nlm.nih.gov/pubmed/30426496
https://doi.org/10.1093/jnci/djy167
https://www.ncbi.nlm.nih.gov/pubmed/30423160
https://doi.org/10.1016/j.ejim.2011.05.005
https://www.ncbi.nlm.nih.gov/pubmed/21767759
https://doi.org/10.1007/s00134-022-06840-9
https://doi.org/10.2215/CJN.03140312
https://doi.org/10.1016/j.semnephrol.2010.09.005
https://doi.org/10.1016/j.ctrv.2020.102139
https://doi.org/10.7150/jca.45382
https://doi.org/10.1016/j.emc.2009.01.001
https://doi.org/10.1177/2399369320976657
https://doi.org/10.1159/000339789
https://www.ncbi.nlm.nih.gov/pubmed/22890468
https://doi.org/10.1001/jama.2016.0287
https://www.ncbi.nlm.nih.gov/pubmed/26903338
https://doi.org/10.2215/CJN.09530913
https://www.ncbi.nlm.nih.gov/pubmed/24578334
https://doi.org/10.2215/CJN.03530412
https://www.ncbi.nlm.nih.gov/pubmed/23243268

Cancers 2024, 16, 561 15 of 15

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

Wong, L.-M.; Cleeve, LK.; Milner, A.D.; Pitman, A.G. Malignant Ureteral Obstruction: Outcomes After Intervention. Have Things
Changed? J. Urol. 2007, 178, 178-183. [CrossRef] [PubMed]

Sousa, C.; Reis, M.; Ferreira, H.; Coelho, I.; Chuva, T.; Paiva, A.; Costa, ]. M. Post-renal acute kidney injury in patients with cancer:
Clinical presentation and kidney and patient outcomes. J. Onco-Nephrol. 2023, 7, 120-129. [CrossRef]

O'reilly, M.; Mellotte, G.; Ryan, B.; O’connor, A. Gastrointestinal side effects of cancer treatments. Ther. Adv. Chronic Dis. 2020, 11,
2040622320970354. [CrossRef]

Gupta, S.; Gudsoorkar, P; Jhaveri, K.D. Acute Kidney Injury in Critically Il Patients with Cancer. Clin. . Am. Soc. Nephrol. 2022,
17,1385-1398. [CrossRef]

Chen, C.; Xie, D.; Gewirtz, D.A.; Li, N. Nephrotoxicity in cancer treatment: An update. Adv. Cancer Res. 2022, 155, 77-129.
[CrossRef] [PubMed]

Liu, C.; Wei, W.; Yang, L.; Li, J.; Yi, C,; Pu, Y.; Yin, T.; Na, E; Zhang, L.; Fu, P;; et al. Incidence and risk factors of acute kidney
injury in cancer patients treated with immune checkpoint inhibitors: A systematic review and meta-analysis. Front. Immunol.
2023, 14, 1173952. [CrossRef] [PubMed]

Meraz-Muiioz, A.; Amir, E.; Ng, P,; Avila-Casado, C.; Ragobar, C.; Chan, C.; Kim, J.; Wald, R.; Kitchlu, A. Acute kidney injury
associated with immune checkpoint inhibitor therapy: Incidence, risk factors and outcomes. J. Immunother. Cancer 2020, 8, e000467.
[CrossRef] [PubMed]

Pierson-Marchandise, M.; Gras, V.; Moragny, J.; Micallef, J.; Gaboriau, L.; Picard, S.; Choukroun, G.; Masmoudi, K.; Liabeuf, S.
The drugs that mostly frequently induce acute kidney injury: A case-noncase study of a pharmacovigilance database. Br. J. Clin.
Pharmacol. 2017, 83, 1341-1349. [CrossRef]

Heeg, M.; Mertens, A.; Ellenberger, D.; A Miiller, G.; Patschan, D. Prognosis of AKI in malignant diseases with and without sepsis.
BMC Anesthesiol. 2013, 13, 36. [CrossRef]

Kim, J.S.; Kim, Y.J.; Kim, W.Y. Non-recovery of renal function was correlated with increased mortality in the cancer cohort with
septic shock. Cancer Commun. (Lond.) 2021, 41, 1420-1422. [CrossRef]

Yang, Y.; Dong, J.; Chen, X.; Chen, R.; Wang, H. Incidence, risk factors and clinical outcomes of septic acute renal injury in cancer
patients with sepsis admitted to the ICU: A retrospective study. Front. Med. (Lausanne) 2022, 9, 1015735. [CrossRef]

Benoit, D.D.; Hoste, E.A. Acute kidney injury in critically ill patients with cancer. Crit. Care Clin. 2010, 26, 151-179. [CrossRef]
Parikh, C.R; Yarlagadda, S.G.; Storer, B.; Sorror, M.; Storb, R.; Sandmaier, B. Impact of acute kidney injury on long-term mortality
after nonmyeloablative hematopoietic cell transplantation. Biol. Blood Marrow Transplant. 2008, 14, 309-315. [CrossRef]

Hsu, C.; Ordofiez, J.; Chertow, G.; Fan, D.; McCulloch, C.; Go, A. The risk of acute renal failure in patients with chronic kidney
disease. Kidney Int. 2008, 74, 101-107. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.juro.2007.03.026
https://www.ncbi.nlm.nih.gov/pubmed/17499300
https://doi.org/10.1177/23993693231184302
https://doi.org/10.1177/2040622320970354
https://doi.org/10.2215/CJN.15681221
https://doi.org/10.1016/bs.acr.2022.03.005
https://www.ncbi.nlm.nih.gov/pubmed/35779877
https://doi.org/10.3389/fimmu.2023.1173952
https://www.ncbi.nlm.nih.gov/pubmed/37313406
https://doi.org/10.1136/jitc-2019-000467
https://www.ncbi.nlm.nih.gov/pubmed/32601079
https://doi.org/10.1111/bcp.13216
https://doi.org/10.1186/1471-2253-13-36
https://doi.org/10.1002/cac2.12209
https://doi.org/10.3389/fmed.2022.1015735
https://doi.org/10.1016/j.ccc.2009.09.002
https://doi.org/10.1016/j.bbmt.2007.12.492
https://doi.org/10.1038/ki.2008.107
https://www.ncbi.nlm.nih.gov/pubmed/18385668

	Introduction 
	Materials and Methods 
	Study Population and Data Collection 
	Identification and Classification of Severe AKI 
	AKI Etiology 
	Statistical Analysis 

	Results 
	Baseline Characteristics 
	Incidence and Characterization of Severe AKI 
	Need for RRT 
	In-Hospital Mortality and Risk Score Model 

	Discussion 
	Conclusions 
	References

