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Abstract 

Background  There are significant differences in the incidence and risk factors of tumor patients, and there is no rel-
evant statistical data. Therefore, this study aims to clarify the incidence and risk factors of acute kidney injury (AKI) 
in malignant tumor patients and compare critically ill patients with non-critically ill patients.

Methods  Relevant literature on the occurrence of AKI in malignant tumors was retrieved from databases. Two 
authors independently screened and evaluated the eligibility and quality of the literature and extracted the data. The 
Stata 12.0 software was used for meta-analysis.

Results  A total of 3922 articles were initially retrieved, and 24 articles were finally included, 8 of which were 
about critically ill malignant tumor patients, and 16 were about malignant tumor patients. Among the 4107 patients 
included in the 8 studies on critically ill malignant tumors, 1932 developed AKI, with an incidence rate of 52% (95%CI 
34–70%, I2 = 99%). The risk factors for AKI in critically ill malignant tumor patients were sepsis and hypovolemia, 
which were different from those in non-critically ill patients. Among the 292,874 patients included in the 16 studies 
on malignant tumors, 51,211 developed AKI, and the combined incidence rate was 24% (95%CI 17–30%, I2 = 100%). 
The risk factors for AKI in critical malignant tumor patients were sepsis and hypovolemia.

Conclusion  This meta-analysis shows that the incidence of AKI in critically ill malignant tumor patients is consistent 
with that in other critically ill patients, and independent risk factors are sepsis and hypovolemia. The incidence of AKI 
in malignant tumor patients is higher than that in other patients, and tumor is a risk factor for AKI. This study has been 
registered in INPLASY (INPLASY202320079),Registered February 18,2023.
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Introduce
Acute kidney injury (AKI) is a syndrome character-
ized by a rapid loss of renal excretory function, typically 
diagnosed by the accumulation of nitrogenous meta-
bolic end products (urea and creatinine) and/or reduced 

urine output. It represents a clinical manifestation of sev-
eral diseases that acutely affect the kidney. AKI is com-
mon in hospitalized patients, particularly in critically ill 
patients, and is most commonly secondary to extrarenal 
events. The mechanism by which these events lead to 
AKI is controversial [1]. In recent years, the incidence of 
cancer has been increasing, and with the emergence of 
new methods for treating various tumors and the prolon-
gation of survival times for cancer patients, the chances 
of renal involvement in cancer patients have signifi-
cantly increased [2]. A meta-analysis reported the global 
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incidence of AKI: according to the KDIGO definition, 1 
in 5 adults worldwide experience AKI during hospitali-
zation [3]. To date, there has been no meta-analysis of 
the incidence of AKI in cancer patients. Therefore, this 
study takes a comprehensive approach to review relevant 
literature and perform a systematic review and meta-
analysis of the incidence and risk factors of AKI in cancer 
patients.

Methods
Prior to this study, a protocol was developed that 
described the objectives, search strategy, and analysis 
plan for this systematic review and meta-analysis. This 
study was conducted in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-anal-
yses (PRISMA) [4]  project. The protocol for this sys-
tematic review was registered on INPLASY (Unique ID 
number) and is available in full on inplasy.com (https://​
doi.​org/​10.​37766/​inpla​sy202​320079).

Data sources
Two reviewers systematically searched PubMed, Embase, 
Cochrane, CNKI, and CBM databases for relevant lit-
erature on the occurrence of acute kidney injury (AKI) 
in malignancies from inception to December 19, 2022. 
The search terms and free words were established based 
on official medical dictionaries and extensive read-
ing of the literature. The search terms included "Neo-
plasms", "Acute Kidney Injury", and "risk", and the free 
words included "tumor", "neoplasm", "tumors", "neopla-
sia", "neoplasias", "cancer", "malignancy", "AKI", "acute 
renal failure", "factors", and "cohort". (The detailed 
"PubMed" search syntax is provided in Appendix Table: 
("Neoplasms"[MeSH Terms] OR ("tumor"[Title/Abstract] 
OR "neoplasm"[Title/Abstract] OR "tumors"[Title/
Abstract] OR "neoplasia"[Title/Abstract] OR 
"neoplasias"[Title/Abstract] OR "cancer"[Title/Abstract] 
OR "malignancy"[Title/Abstract])) AND ("Acute Kid-
ney Injury"[MeSH Terms] OR ("AKI"[Title/Abstract] OR 
"acute renal failure"[Title/Abstract] OR "Acute Kidney 
Injury"[Title/Abstract])) AND ("risk"[Title/Abstract] OR 
"risk"[MeSH Terms] OR "factors"[Title/Abstract] OR 
"cohort"[Title/Abstract])).

Study selection and data extraction
The inclusion and exclusion criteria of this study were 
developed according to the PICOS principle.
Inclusion criteria
(1) The main diagnostic criteria for AKI were the serum 
creatinine (Scr) and urine output (UO) standards pro-
posed by the Kidney Disease Improving Global Out-
comes (KDIGO), the RIFLE criteria, and the standards 
proposed by Bellomo et  al. (2) Study subjects: cancer 

patients, regardless of cancer type, aged ≥ 18 years, 
divided into case group (AKI group) and control group 
(non-AKI group) based on whether AKI occurred. (3) 
Study content: Each study reported the incidence of AKI 
or risk factors for acute kidney injury. (4) Study type: 
Case–control study, cohort study, or studies related to 
the incidence or risk factors of AKI in cancer patients. (5) 
Outcome indicators: The original literature provided the 
incidence and risk factors of AKI in cancer patients.

Exclusion criteria
(1) inability to provide original data; (2) duplicate pub-
lication of the study; (3) case reports or animal experi-
ments; (4) incomplete or non-compliant data with the 
extraction criteria; (5) less than 50 subjects in the study.

Data extraction
Two reviewers independently conducted data extraction 
through full-text reading of the included articles. The 
reviewers developed a preliminary data extraction form 
during the screening process and gradually refined the 
content of the data extraction form during the full-text 
reading process. Data extracted included the first author, 
year of publication, study start and end time, sample size, 
tumor type, age, gender, AKI diagnostic criteria, AKI 
incidence rate, and AKI risk factors. If there was a control 
group, we also extracted exposure factors such as age, 
gender, body mass index (BMI), and acute physiology and 
chronic health evaluation II (APACHE II) score.

Assessment of methodological quality
This study is an observational study, and all included 
studies are cohort studies. The Newcastle–Ottawa 
Scale (NOS) was used for quality assessment, including 
three aspects: selection of study subjects, comparability 
between groups, and evaluation of outcomes. The more 
items that are met, the higher the quality of the study.

Data statistics and analysis
After a large amount of preliminary reading of systematic 
reviews on this study, all data that can be quantitatively 
analyzed were synthesized using the stata software. The 
incidence rate and its 95% confidence interval (CI) were 
generated by the software and presented in a forest plot. 
The heterogeneity between studies was evaluated using 
the I2 statistic. When I2 ≤ 50%, it indicates that there is 
no statistical heterogeneity between the studies, and a 
fixed-effect model (FE) is used for meta-analysis. When 
I2 > 50%, it indicates that there is statistical heterogene-
ity between the studies, and a random-effect model (RE) 
is used for analysis. When significant heterogeneity is 
found in the main outcome indicators, sensitivity analy-
sis is used to identify the reason for the heterogeneity. 
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A P-value < 0.05 is considered statistically significant. 
Subgroup analysis of AKI incidence rate was performed 
based on tumor type. A funnel plot was used to assess 
publication bias. If the distribution of the funnel plot is 
symmetric, there is no publication bias; otherwise, publi-
cation bias exists.

Results
Study characteristics
The PRISMA flow diagram is shown in Fig. 1. A total of 
3,922 articles were identified through the search strat-
egy, with 356 duplicate studies excluded. Two reviewers 
independently screened titles and abstracts of 3,566 arti-
cles, and excluded 3,254 articles that were not relevant to 
the study topic. After reading the full text of 312 studies, 
280 articles were excluded due to lack of relevant data, 
and finally 24 studies were included, including 16 stud-
ies of cancer patients and 8 studies of critically ill cancer 
patients, all reporting the incidence of AKI in patients. 
Tables 1 present detailed characteristics of the included 
studies in critically ill cancer patients and cancer patients, 
respectively.

A total of 4,105 critically ill cancer patients and 292,874 
cancer patients were included for quantitative synthesis. 
The Newcastle–Ottawa Scale (NOS) was used to assess 
the quality of the included studies, all of which were 
observational studies. Table  2 shows the NOS scores of 
the included studies.

Methodological quality assessment
All included studies were of medium to high quality, as 
shown in Table 3 for methodological quality assessment.

Main results: incidence of AKI
Incidence of AKI in critically Ill patients with malignancy
In all 8 included studies, the incidence of AKI in criti-
cally ill cancer patients was reported. Except for 6 studies 
that did not use the KDIGO guideline for AKI definition, 
all other studies defined AKI according to the KDIGO 
guideline. Among the 4107 included patients, 1932 devel-
oped AKI, and the incidence of AKI in critically ill cancer 
patients ranged from 12% to 69.4%. The pooled incidence 
of AKI in critically ill patients with malignancy was 52% 
(95% CI, 34%-70%; I2 = 99%) (Fig.  2). The funnel plot 
showed significant heterogeneity among studies (Fig. 3), 
which could not be attributed to a specific factor through 
sensitivity analysis. Therefore, subgroup analysis was per-
formed based on the type of cancer, revealing that the 
incidence of AKI was 48% (95% CI, 25%-71%; I2 = 99%) 
in patients with solid tumors (Fig. 4), and 61% (95% CI, 
48%-74%; I2 = 93%) in patients with hematological malig-
nancies (Fig. 5).

Incidence of AKI in patients with malignancy
All 16 included studies reported the incidence of AKI 
in patients with malignancy. Except for four studies that 
did not use the KDIGO guideline for AKI definition, 
all other studies defined AKI according to the KDIGO 
guideline. Among the 292,874 included patients, 51,211 
developed AKI, and the incidence of AKI in patients 
with malignancy ranged from 4.26% to 45%. The pooled 
incidence of AKI in patients with malignancy was 23% 
(95% CI, 17%-29%; I2 = 100%) (Fig.  6). The funnel plot 
was approximately symmetrical (Fig. 7), but showed sig-
nificant heterogeneity among studies, which could not be 
attributed to a specific factor through sensitivity analysis. 

Fig. 1  Literature screening process and results
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On the left side of the graph, where points aggregate 
more densely, it suggests that smaller studies with larger 
standard errors may be showing a broader range of effect 
sizes. This could indicate potential publication bias or 
other sources of heterogeneity. On the right side, where 

points are relatively dispersed, larger studies with smaller 
standard errors are contributing to a narrower range of 
effect sizes. This could signify greater precision and reli-
ability in those studies.Therefore, subgroup analysis was 
performed based on the type of cancer, revealing that the 

Fig. 2  Forest plot showing the incidence of AKI in critically ill patients with malignancy

Fig. 3  Funnel plot of publication bias in the incidence of AKI in critically ill patients with malignancy
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Fig. 4  Forest plot showing subgroup analysis of the occurrence of AKI in patients with solid tumors with severe disease

Fig. 5  Forest plot showing the subgroup analysis of the incidence of AKI in critically ill patients with hematologic malignancies
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Fig. 6  Forest plot showing the incidence of AKI in patients with malignant tumors

Fig. 7  Funnel plot of publication bias in the incidence of AKI in patients with malignancy
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incidence of AKI was 28% (95% CI, 15%-41%; I2 = 100%) 
in patients with solid tumors (Fig. 8), and 28% (95% CI, 
20%-36%; I2 = 98%) in patients with hematological malig-
nancies (Fig. 9).

The following are the secondary results 
of the study
In 4 studies, 5 reports identified risk factors for AKI in 
critically ill patients with malignant tumors, as shown 
in Fig. 1, including age, history of hypertension, tumor 
lysis syndrome, exposure to nephrotoxic drugs, mul-
tiple myeloma, sepsis, hypovolemia, outflow obstruc-
tion, simplified acute physiology score, pelvic cancer, 
recent nephrotoxic chemotherapy within the last 3 
months, low hemoglobin, poor renal function, and high 
APACHE II, SOFA, and SAPS II scores. Due to the ina-
bility to quantitatively synthesize these results, a quali-
tative analysis was conducted.

In 11 studies, 20 reports identified risk factors for 
AKI in critically ill patients with malignant tumors, as 
shown in Fig.  2, including age, male gender, elevated 
baseline serum creatinine, shock, urinary obstruction, 
comorbid diabetes, hypertension, low serum albu-
min and hemoglobin, use of vancomycin, diuretics, 

liposomal amphotericin B, vasopressors, leukopenia, 
hypoalbuminemia, chemotherapy, congestive heart 
failure, chronic kidney disease, antidiabetic and antibi-
otic medication, hyperglycemia, stem cell transplanta-
tion, malignant hematologic disorders, hypercalcemia, 
hyperphosphatemia, proteinuria, higher percentage 
of plasma cells in the bone marrow, contrast media, 
hyponatremia, hypomagnesemia, higher WBC count, 
and use of NSAIDs and diuretics. Due to the inability 
to quantitatively synthesize these results, a qualitative 
analysis was conducted.

Discussion
Acute kidney injury (AKI) is the main cause of poor 
prognosis in patients. Approximately 13.3 million peo-
ple develop AKI each year, with 85% living in develop-
ing countries. Although there is currently no evidence of 
a direct link between AKI and death, about 1.7 million 
people die from AKI each year [29].

In this systematic review and meta-analysis, we found 
that the incidence of AKI is high in patients with malig-
nant tumors, especially in critically ill patients with 
malignant tumors. Independent risk factors for AKI in 
critically ill patients with malignant tumors include low 

Fig. 8  Forest plot showing subgroup analysis of the occurrence of AKI in patients with solid tumors
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blood volume, sepsis, outflow tract obstruction, and 
SOFA score.

In the first multicenter cross-sectional study of AKI 
epidemiology in ICU patients using the complete KDIGO 
criteria, AKI occurred in 52.3% of ICU patients. Adjusted 
risks and mortality rates for AKI were similar across dif-
ferent continents and regions, with sepsis and low blood 
volume being the most common causes of AKI [30]. In 
this study, the incidence of AKI in malignant tumors was 
52% (95% CI 34–70%, I2 = 99%) in the ICU, which is con-
sistent with the incidence in other patients. However, one 
multicenter study by Soares, Lobo et al. [11] in Pakistan 
had a much lower incidence of AKI than other studies, 
and excluding this study showed that the incidence of 
AKI in critically ill cancer patients was higher than that 
in other critically ill patients. Tumor may be a risk fac-
tor for AKI in critically ill patients. The incidence of AKI 
in patients with hematological malignancies is higher 
than that in patients with solid tumors (48% vs. 61%), and 
hematological malignancies lead to a higher incidence of 
AKI in critically ill patients. Independent risk factors for 
AKI are sepsis and low blood volume. Compared with 
non-tumor AKI, the in-hospital mortality rate of tumor 
AKI is higher [2].

The kidney is an important organ with excellent abil-
ity to regulate blood flow and is easily affected by poor 
organ perfusion. Therefore, ensuring renal perfusion is 
necessary and prioritized for preventing AKI in cancer 
patients [31]. In this study, the incidence of AKI in all 
cancer patients was 23% (95% CI 17–29%), and the inci-
dence of AKI in patients with solid tumors was consistent 
with that in patients with hematological malignancies. 
This result may be due to the small number of solid 
tumors included in the literature and the small sample 
size of hematological malignancies. Compared with the 
global meta-analysis of AKI incidence [3], the incidence 
of AKI in cancer patients is slightly higher, with different 
risk factors including chemotherapy, tumor metastasis, 
and tumor lysis syndrome. Therefore, cancer increases 
the incidence of AKI in patients, and the use of antibiot-
ics, such as vancomycin, is a risk factor for AKI in cancer 
patients, so infection control should be strengthened.

The greatest advantage of this study is that it is the first 
comprehensive overview and combined analysis of the 
incidence and risk factors of AKI in cancer patients to 
date, and includes a comparison between critically ill and 
non-critically ill patients, demonstrating the importance 
of hemodynamics in critically ill patients. Additionally, 

Fig. 9  Forest plot showing subgroup analysis of the incidence of AKI in patients with hematologic malignancies
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the study has a large and high-quality sample size, thus 
providing a certain degree of credibility. However, the 
study also has some limitations, including the fact that 
all the included studies were observational and lacked 
control groups, leading to significant heterogeneity in 
the results. There was also heterogeneity observed in the 
subgroup analysis of different types of cancer. The sample 
size of critically ill cancer patients with AKI was small, 
and the inclusion of studies on malignant tumors made it 
difficult to accurately compare the incidence and risk fac-
tors of AKI in critically ill and non-critically ill patients. 
Moreover, the study only differentiated between solid 
tumors and hematological tumors, and further research 
is needed to distinguish the incidence rates and specific 
risk factors of each tumor type.

Conclusion
The incidence of acute kidney injury (AKI) in cancer 
patients with critical illness aligns with rates observed 
in other critically ill cohorts. Independent risk factors 
contributing to AKI comprise sepsis and hypovolemia. 
Specifically, within the broader patient population, the 
occurrence of AKI is slightly elevated in cancer patients 
compared to their non-cancer counterparts, indicating 
cancer as a discernible risk factor for AKI.
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