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Objectives: The most serious adverse reaction of cisplatin is acute kidney injury (AKI). 

Cisplatin-induced acute kidney injury (CIA) has no specific preventive measures. This study 

aims to explore the characteristics and risk factors for CIA in the elderly and to identify potential 

methods to reduce CIA. 

Materials and methods: Patients $18 years old, with primary tumors, who received initial 

cisplatin chemotherapy and whose serum creatinine (SCr) values were measured within 2 weeks 

pre- and postcisplatin treatment and who had complete medical records, were selected from 

a single center from January 1, 2013 to December 31, 2015. The exclusion criteria included 

radiotherapy or surgery, recurrent tumors, previous cisplatin treatment, lack of any SCr values 

before or after cisplatin therapy, and incomplete medical records. 

Results: Out of a total of 527 patients, 349 were elderly. Angiotensin-converting enzyme 

inhibitor/angiotensin receptor blocker (ACEI/ARB) use (9.2%) was more prevalent in the 

elderly than in younger patients (2.8%, p = 0.007). The dosage of cisplatin treatment was lower 

in the elderly, but the incidence of CIA (9.46%) was higher in the elderly than in younger 

patients (3.37%). There were significant differences in the SCr levels, estimated glomerular 

filtration rate, ACEI/ARB use, and whether a single application of cisplatin was administered, 

between the elderly AKI group and the non-AKI group. Multivariable analysis showed that 

administration of a single application of cisplatin (OR 2.853, 95% CI: 1.229, 6.621, p = 0.015) 

and ACEI/ARB use (OR 3.398, 95% CI: 1.352, 8.545, p = 0.009) were predictive factors for 

developing CIA in the elderly. 

Conclusion: The incidence of CIA in the elderly was higher than in younger patients. ACEI/

ARB usage and administration of a single application of cisplatin were independent risk factors 

for CIA in the elderly.
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Introduction 
Medication-induced acute kidney injury (AKI) is significant in the elderly; medications 

account for ~20% of AKI among older patients.1 The aged population is susceptible 

to cancer.2 In  the USA, most patients diagnosed with cancer are $65 years old, and it 

has been predicted that from 2010 to 2030, the cancer incidence among the aged will 

increase by 67%.3 Cisplatin is widely used for the treatment of various solid tumors, 

such as lung, esophageal, bladder, head, and neck cancers.4 Currently, according to 

the National Institutes of Health, more than 273,000 cancer-related clinical trials are 

being conducted worldwide, in which the majority of the tested drugs are cisplatin- 

and platinum-based agents.5 However, cisplatin nephrotoxicity is observed in more 

than 30% of older patients, and cisplatin-induced acute kidney injury (CIA) is the 

most serious adverse reaction, which limits its use and efficacy in chemotherapy.6 
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Moreover, the mechanism of nephrotoxicity remains unclear. 

Although hydration and forced diuresis with diuretics or 

mannitol are the best-known and most common nephro-

protective measures, other nephroprotective approaches are 

also being studied; however, the protective effects are not 

satisfactory.7,8 There is an urgent need for specific nephropro-

tective strategies to be used during cisplatin chemotherapy. 

Therefore, to prevent and reduce the incidence of CIA in the 

elderly, we investigated the characteristics of elderly patients 

with cisplatin chemotherapy and explored the risk factors for 

CIA in the elderly.

Materials and methods
All procedures followed were in accordance with the ethical 

standards of the Ethics Committee of Chinese PLA General 

Hospital (S2016-100-01) regarding human experimentation 

(institutional and national) and with the Helsinki Declaration 

of 1975, as revised in 2000. The ethics committee of the 

hospital waived the need for written informed consent from 

the patients because the study was retrospective. 

We collected clinical information regarding inpatients in 

the Department of Oncology using the hospital’s informa-

tion system: age $18 years initially diagnosed with primary 

cancer and received first cisplatin chemotherapy during 

the period from January 1, 2013 to December 31, 2015. 

Patients were excluded if they had undergone synchronous 

radiation therapy or surgery before cisplatin chemotherapy, 

were administered cisplatin plus other chemotherapy drugs 

in other hospitals, were diagnosed with recurrent cancer, 

or had incomplete medical records. If the patients’ serum 

creatinine (SCr) levels were not obtained, either pre- or 

post-cisplatin treatment, they were also excluded. A flow-

chart demonstrating how patients were screened is shown 

in Figure 1. Demographic and treatment data, medical 

history, and laboratory test data were collected. The esti-

mated glomerular filtration rate (eGFR) was calculated by 

the four-variable Chronic Kidney Disease Epidemiology 

Collaboration equation.9,10

CIA was defined as an increase in SCr levels $25% 

from the baseline within 30 days after the first cycle of 

cisplatin11 or was determined using the AKI 2012 Kidney 

Disease: Improving Global Outcomes (KDIGO) criteria for 

each patient within 7 days after chemotherapy.12 To date, 

no hydration protocol has been established and followed 

universally for cancer patients, an no guidelines regarding 

optimal and minimal fluid volume during cisplatin chemo-

therapy have been established.13,14 In the current study, if 

patients received $1.5 L intravenous normal saline solution 

within 1 day before cisplatin treatment, they were considered 

to have received hydration. Not all patients received oral 

rehydration.

The quantitative variables are presented as the means ± SD 

or medians (25%, 75% quartile). Qualitative data are described 

as n (%). Groups were compared with analysis of variance or 

Student’s t-test and chi-square test, with continuous or cate-

gorical variables, as appropriate. Logistic regression analysis 

was used to explore the associated risk factors for CIA in the 

elderly. All statistical analyses were performed with SPSS 

19.0 (IBM Corporation, Armonk, NY, USA). A p-value 

of ,0.05 was considered statistically significant.

Figure 1 The flowchart of patient screening.
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Results
Five hundred and twenty-seven patients were chosen for 

this study, 349 of whom were $60 years old. Patients’ 

demographic and general information are shown in Table 1. 

CIA was observed in 33 (9.46%) of the 349 enrolled elderly 

patients; however, six (3.37%) of the 178 younger patients 

were also diagnosed with CIA. The incidence of CIA was 

significantly higher in the elderly than in the younger 

group (p = 0.012). In Table 1, the baseline characteristics 

of the older patients showed that the majority of patients 

were men (79.1%), and the mean age was 61.7 years. 

Concurrent diseases, including hypertension, diabetes mel-

litus, and cardio-cerebrovascular disease, were more common 

in the elderly than in younger patients. Angiotensin-converting 

enzyme inhibitor/angiotensin receptor blocker (ACEI/ARB) 

medication was more frequently used in the older patients 

(9.2%) than in the younger patients (2.8%, p = 0.007). In 

terms of laboratory tests, hemoglobin (130.95 vs 133.98 g/L), 

serum protein (66.18 vs 67.85 g/L), and albumin (38.31 vs 

40.69 g/L) levels of the older group were lower than those 

of the younger group (p,0.05). However, SCr and blood 

urea nitrogen levels were higher, and the subsequent mean 

Table 1 Clinical characteristics of cancer patients who received cisplatin treatment

Characteristics Total  
(n = 527)

Elderly  
(n = 349)

Nonelderly  
(n = 178)

p-value

Age (years) 61.71 ± 10.86 68.25 ± 3.97 48.90 ± 8.32 ,0.001
Male n (%) 399 (75.7%) 276 (79.1%) 123 (69.1%) 0.011
ACEI/ARBs 37 (7.0%) 32 (9.2%) 5 (2.8%) 0.007
NSAIDs 20 (3.8%) 12 (3.4%) 8 (4.5%) 0.310
CKD 16 (3.0%) 14 (4.0%) 2 (1.1%) 0.104
Hypertension 122 (23.1%) 100 (28.7%) 22 (12.4%) ,0.001
DM 65 (12.3%) 56 (16.0%) 9 (5.1%) 0.001
Cardio-cerebrovascular disease 72 (13.7%) 67 (19.2%) 5 (2.8%) ,0.001
BMI (Kg/m2) 23.64 ± 3.28 23.62 ± 3.30 23.70 ± 3.24 0.528
SBP (mmHg) 125.50 ± 13.25 126.63 ± 13.42 123.41 ± 13.67 ,0.001
DBP (mmHg) 76.13 ± 7.52 75.94 ± 7.58 76.51 ± 7.41 0.732
Hb (g/L) 131.00 ± 19.02 130.95 ± 18.44 133.98 ± 19.13 0.027
SCr (µmol/L) 71.57 ± 15.13 73.20 ± 15.16 68.43 ± 14.60 ,0.001
eGFR (mL/min) 92.37 ± 14.54 88.81 ± 10.33 99.74 ± 13.15 0.014
BUN (mmol/L) 4.77 ± 1.72 5.00 ± 1.73 4.32 ± 1.60 ,0.001
SUA (µmol/L) 295.32 ± 90.23 292.98 ± 90.14 298.70 ± 89.22 0.478
Total protein (g/L) 66.75 ± 5.84 66.18 ± 6.05 67.85 ± 5.18 0.001
ALB (g/L) 39.11 ± 4.32 38.31 ± 4.14 40.69 ± 4.23 ,0.001
Na (mmol/L) 142.00 (139.90, 143.06) 141.20 (138.70, 143.20) 141.90 (139.93, 143.38) 0.710
K (mmol/L) 4.12 ± 0.43 5.31 ± 0.49 4.13 ± 0.38 0.685
Mg (mmol/L) 0.90 ± 0.08 0.89 ± 0.08 0.89 ± 0.68 0.879
Cisplatin total dose (mg) 114.95 ± 25.57 112.42 ± 22.90 119.90 ± 24.17 0.001
Cisplatin mean dose (mg/m2) 66.53 ± 13.16 64.32 ± 25.93 69.34 ± 11.22 ,0.001
Cisplatin frequency 0.720

Single 329 (62.4%) 215 (61.6%) 114 (64.0%)
$Two times 198 (37.6%) 134 (38.4%) 64 (36.0%)

Cisplatin application 0.408
I.V. 481 (91.3%) 316 (90.5%) 165 (92.7%)
Non-I.V. 46 (8.7%) 33 (9.5%) 13 (7.3%)

Hydration 491 (93.2%) 327 (93.7%) 164 (92.1%) 0.668
Volume of hydration (mL) 2,412.56 ± 846.08 2,432.01 ± 839.57 2,374.44 ± 859.79 0.305
Diuretics 341 (64.7%) 223 (63.9%) 118 (66.3%) 0.890
CIA 39 (7.4%) 33 (9.46%) 6 (3.37%) 0.012
Stage 1 CIA 32 (6.1%) 26 (7.5%) 6 (3.4%) 0.054
Stage 2 CIA 5 (0.9%) 5 (1.4%) 0
Stage 3 CIA 2 (0.4%) 2 (0.6%) 0

Note: p-value ,0.05 was considered statistically significant. 
Abbreviations: ACEI/ARBs, angiotensin-converting enzyme inhibitor/angiotensin receptor blockers; BMI, body mass index; BUN, blood urea nitrogen; CKD, chronic 
kidney disease; DBP, diastolic blood pressure; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; I.V., intravenous injection; K, serum potassium; Mg, serum 
magnesium; Na, serum sodium; NSAIDs, nonsteroidal anti-inflammatory drugs; SCr, serum creatinine; SUA, serum uric acid; ALB, albumin; SBP, systolic blood pressure.
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eGFR was lower in the elderly compared with the younger 

group. The cisplatin total dose and the cisplatin mean dose, 

according to the body surface area, were smaller for the 

elderly than for younger patients. Nevertheless, there were 

no significant differences between the elderly and nonelderly 

groups in cisplatin frequency, intravenous application, hydra-

tion, and diuretic use.

Next, the baseline characteristics of older CIA patients 

were analyzed and compared with those of non-AKI older 

patients, as shown in Table 2. There were significant dif-

ferences between the two groups only in ACEI/ARB use, 

the administration of a single cisplatin application, SCr 

levels, and eGFR. In the AKI group, 21.2% of the patients 

used ACEI/ARBs, whereas 8.1% used ACEI/ARBs in the 

non-AKI group (p = 0.014). Of the CIA patients, 59.5% 

were administered cisplatin once, but only 8.54% received a 

single cisplatin treatment in the non-AKI group (p = 0.012). 

The baseline mean SCr level was 74.02 ± 14.96 μmol/L in the 

AKI group and 65.19 ± 14.99 μmol/L in the non-AKI group 

(p = 0.001). As a result, the baseline mean eGFRs for the 

AKI group and the non-AKI group were 86.24 ± 12.21 and 

92.71 ± 12.31 mL/min/1.73 m2, respectively (p = 0.002).

In the univariate logistic regression analysis, we identified 

ACEI/ARB use (OR 3.340, 95% CI: 1.361, 8.192, p = 0.008) 

and the single administration of cisplatin (OR 3.064, 95% 

CI: 1.230, 7.632, p = 0.016) as associated predictors of CIA 

in the elderly (Table 3). The baseline eGFR (p = 1.065) 

and the age of the elderly (p = 0.227) were not significantly 

associated with CIA. Finally, multivariate logistic regression 

analyses were performed and revealed that ACEI/ARB use 

(OR 3.398, 95% CI: 1.352, 8.545, p = 0.009) and the single 

administration of cisplatin (OR 2.853, 95% CI: 1.229, 6.621, 

p = 0.015) were independent risk factors for developing 

CIA in the elderly.

Discussion
Cisplatin is a nonspecific cytotoxic agent that primarily inter-

feres with cellular DNA replication and the cell cycle, but 

lacks selectivity. Therefore, it also acts on normal cells and 

easily causes adverse reactions, especially AKI. However, 

Table 2 Baseline clinical characteristics of cisplatin-induced AKI in the elderly

Characteristics Elderly  
(n = 349)

AKI  
(n = 33)

Non-AKI  
(n = 316)

p-value

Age (years) 68.25 ± 3.97 67.45 ± 2.79 68.33 ± 4.07 0.109
Sex 0.345

Male 276 (79.1%) 24 (72.7%) 252 (79.7%)
Female 73 (20.9%) 9 (27.3%) 64 (20.3%)

BMI (mg/m2) 23.62 ± 3.30 24.26 ± 3.64 23.54 ± 3.26 0.235
DM 56 (16%) 6 (18.2%) 50 (15.8%) 0.725
Hypertension 100 (28.7%) 12 (36.4%) 88 (27.8%) 0.303
CKD 14 (4.0%) 1 (3.0%) 13 (4.1%) 1.0
Cardio-cerebrovascular disease 67 (19.2%) 6 (18.2%) 61 (19.3%) 0.876
NSAIDs 12 (3.4%) 12 (3.8%) 0
ACEI/ARBs 32 (9.2%) 7 (21.2%) 25 (8.15%) 0.014
Hydration 327 (93.7%) 32 (97%) 29 (93.4%) 0.416
Volume of hydration (mL) 2,595.63 ± 571.35 2,550.0 ± 544.62 2,600.0 ± 574.85 0.696
Diuretics 223 (63.9%) 25 (75.8%) 198 (62.7%) 0.136
Cisplatin total dose (mg) 116.28 ± 20.67 115.76 ± 25.38 112.07 ± 26.00 0.325
Cisplatin mean dose (mg/m2) 67.31 ± 10.57 67.14 ± 13.57 65.05 ± 13.73 0.145
Single-use cisplatin 215 (61.6%) 188 (59.5%) 27 (8.54%) 0.012
I.V. cisplatin 316 (90.5%) 31 (93.9%) 285 (90.2%) 0.484
SCr (µmol/L) 73.18 ± 15.16 74.02 ± 14.96 65.19 ± 14.99 0.001
eGFR (mL/min) 86.82 ± 12.11 86.24 ± 12.21 92.71 ± 12.31 0.002
Total protein (g/L) 66.18 ± 6.05 67.15 ± 5.69 66.08 ± 6.07 0.335
ALB (g/L) 38.31 ± 4.14 37.89 ± 4.15 38.35 ± 4.14 0.546
Na (mmol/L) 140.56 ± 4.42 139.42 ± 5.42 140.67 ± 4.31 0.052
K (mmol/L) 3.99 ± 0.51 3.94 ± 0.39 3.98 ± 0.52 0.661
Mg (mmol/L) 0.89 ± 0.08 0.88 ± 0.07 0.90 ± 0.08 0.126

Note: p-value ,0.05 was considered statistically significant.
Abbreviations: ACEI/ARBs, angiotensin-converting enzyme inhibitor/angiotensin receptor blockers; AKI, acute kidney injury; BMI, body mass index; CKD, chronic kidney 
disease; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; I.V., intravenous injection; K, serum potassium; Mg, serum magnesium; Na, serum sodium; NSAIDs, 
nonsteroidal anti-inflammatory drugs; SCr, serum creatinine; ALB, albumin.
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the exact mechanism of cisplatin nephrotoxicity remains 

unclear. The traditional preventive methods, such as reduc-

ing the drug dosage and administering aggressive hydration, 

have not been succesful.8,13,14 To date, there are no guidelines 

for a standardized, simple definition of CIA. A systematic 

review that included 24 studies showed that the definitions 

of cisplatin-induced kidney injury varied across studies.15 

Therefore, the incidence of CIA in the literature is diverse. 

We defined CIA as an increase in the SCr level $25% 

of baseline or used the 2012 KDIGO criteria for the first 

cisplatin chemotherapy cycle; we opted for this definition 

for several reasons. First, because of the retrospective nature 

of this study, it was not easy to obtain values for timed SCr 

levels and urine volume. Second, Mizuno et al found that the 

KDIGO criteria could be useful predictors of CIA mortality 

in patients with different primary cancers,12 and Latcha et al 

confirmed that an increase in SCr levels $25% is not insignif-

icant and is associated with chronic kidney disease (CKD) in 

a long-term follow-up study.11 Third, this criterion ruled out 

the interference of more cisplatin chemotherapy cycles.

In this study, the incidence of CIA in the elderly was 

9.46%, which was higher than that in younger patients. 

This is consistent with previous experimental and clinical 

studies.16,17 The older patient is susceptible to nephrotoxicity, 

due to specific anatomical and functional changes, including 

kidney vasculature, filtration, and tubulointerstitial function.18 

However, we did not find that age and renal function were 

independent risk factors for CIA in the elderly. Previous 

studies had similar results.19 Recently, Lavolé et al also found 

no association between age and cisplatin nephrotoxicity, and 

most patients experienced grade 1 CIA.20 Therefore, cancer 

patients requiring cisplatin treatment should not be refused 

based on age or moderate, age-related renal dysfunction.

ACEI/ARB usage was an independent risk factor for 

CIA in the elderly. ACEI/ARBs are commonly used for 

several chronic conditions, such as hypertension, CKD, 

diabetic nephropathy, and congestive heart failure. With 

the increasing prevalence of these chronic conditions in the 

older population, ACEI/ARBs are more commonly used 

for the elderly.1 Almanric et al showed that ACEI/ARBs 

were used in 29/80 patients (36%), and taking an ACEI or 

an ARB resulted in an increase of 12.1 µmol/L (95% CI: 

–15.0, 39.2) in the SCr level, but this increase was found 

to be statistically insignificant in a multivariate linear and 

logistic regression analyses.21 This result was different from 

our study. This difference may be explained by the possi-

bility that the CIA criteria were different in each study, or 

that the research population only with stage 4 nonsmall-cell 

lung cancer or with different tumor types was different. 

ACEI/ARBs can cause the vasodilation of both afferent and 

efferent arterioles, but the effect is more significant in the 

latter,22 which can interfere with the renal autoregulation of 

the GFR; the resulting aggravated renal ischemia constitutes 

a higher risk for AKI. Moreover, studies have shown that 

plasma renin activity and plasma aldosterone concentra-

tion are elevated after cisplatin administration, which also 

results in GFR decline.23 ACEI/ARBs may suppress the 

activity of the renin-angiotensin system that maintains the 

GFR, aggravating kidney ischemia and delaying cisplatin 

excretion.24 Recently, a clinical study also found that ACEI 

use was associated with renal toxicity during platinum-

based chemoradiation.25 Therefore, the discontinuation of 

ACEI/ARBs use should be suggested when patients undergo 

chemotherapy with cisplatin. 

 CIA in the elderly was positively associated with a single 

cisplatin dose administered in 1 day. Several studies have shown 

that cisplatin treatment divided into smaller doses and admin-

istered over several days was effective and well tolerated.26,27 

Espeli et al found that weekly cisplatin chemotherapy had 

less adverse effects than a 3-weekly regimen.28 Lavolé et al 

investigated the rapid outpatient administration of a single 

dose of cisplatin at $75 mg/m2 and found that it was feasible, 

without a high risk of nephrotoxicity,20 which is in accor-

dance with our study. However, they found that cisplatin at a 

dose $100 mg/m2 during the first cycle (HR = 9.5, CI = 3.2–28) 

was an independent risk factor predictive of nephrotoxicity. 

Table 3 Risk factors for cisplatin-induced AKI in the elderly

Risk factors Univariable analysis Multivariable analysis

OR (95% CI) p-value OR (95% CI) p-value

Age ($60 years) 0.943 (0.858, 1.037) 0.227 0.985 (0.883, 1.098) 0.785
Baseline eGFR 0.958 (0.932, 0.984) 1.065 0.975 (0.930, 1.023) 0.302
ACEI/ARBs use 3.340 (1.361, 8.192) 0.008 3.398 (1.352, 8.545) 0.009
Cisplatin single application 3.064 (1.230, 7.632) 0.016 2.853 (1.229, 6.621) 0.015

Note: p-value ,0.05 was considered statistically significant.
Abbreviations: ACEI/ARBs, angiotensin-converting enzyme inhibitor/angiotensin receptor blockers; AKI, acute kidney injury; eGFR, estimated glomerular filtration rate.
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However, in our study, the dose of cisplatin was not asso-

ciated with CIA. This was possibly related to the smaller 

dose, but a further prospective study is required to verify 

this hypothesis. Recently, a meta-analysis revealed that a 

weekly low-dose regimen had increased compliance and sig-

nificantly less toxicity than a 3-weekly high-dose regimen.29 

It is known that an increased incidence of cisplatin-induced 

acute nephrotoxicity is related to high-peak plasma-free 

platinum concentrations (C
max

).30 The nephrotoxic effect of 

cisplatin, which accumulates in the kidneys, is proportional 

to the amount of the drug that is accumulated.31 Two to 

5 days of successive cisplatin administration, as opposed 

to the 1-day administration of a given total dose, can 

reduce cisplatin nephrotoxicity.32 Therefore, older patients 

should avoid 1-day, single administration of cisplatin to  

reduce CIA. 

The present study had a few limitations. First, because of 

the retrospective nature of this study in a single institution and a 

potential patient selection bias, a multi-center, large-scaled, pro-

spective study is needed to confirm these results and to ensure 

the generalizability of our data. Second, patients with different 

tumor types may be heterogeneous due to different tumor stag-

ing and severity grades. Third, we need to further assess the 

role of hydration, including oral hydration, because we only 

considered intravenous hydration due to our inability to obtain 

questionnaires regarding the volume of oral hydration. 

Conclusion
The incidence of CIA in the elderly was higher than that in 

contemporary younger patients. We identified the single 

administration of cisplatin and ACEI/ARBs use as inde-

pendent risk factors for developing CIA in the elderly. 
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