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Abstract

Background: Acute kidney injury (AKI) is a critical issue in cancer patients because
it is not only a morbid complication but also able to interrupt timely diagnostic evalu-
ation or planned optimal treatment. However, the impact of AKI on overall mortality
in cancer patients remains unclear.

Methods: We conducted a retrospective cohort study of 67 986 cancer patients, from
2004 to 2013 to evaluate the relationship between AKI and all-cause mortality. We
used KDIGO AKI definition and grading system.

Results: During 3.9 + 3.1 years of follow-up, 33.8% of the patients experienced AKI
at least once. Among AKI events, stage 1, 2, and 3 was 71.0%, 13.8%, and 15.1%,
respectively. AKI incidence was highest in hematologic malignancies, followed by
urinary tract cancer, and hepatocellular carcinoma. Male sex, older age, underlying
diabetes and hypertension, lower serum albumin and plasma hemoglobin, more fre-
quent radio-contrast exposure, entrance of clinical trials, and receiving chemotherapy
were associated with AKI occurrence. AKI development was an independent risk
factor for elevated mortality in cancer patients with dose-responsive manner (Stage
1, hazard ratio [HR] 1.183, 95% confidence interval [CI] 1.145-1.221, P < 0.001;
Stage 2, HR 1.710, 95% CI 1.629-1.796; Stage 3, HR 2.000, 95% CI 1.910-2.095; No

AKI, reference group) even after adjustment. This tendency was reproduced in

Eunjeong Kang and Minsu Park are contributed equally to this work.

Hyung Jin Yoon and Hajeong Lee are contributed equally to this research.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original

work is properly cited.

© 2019 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

2740 wileyonlinelibrary.com/journal/cam4

Cancer Medicine. 2019;8:2740-2750.


www.wileyonlinelibrary.com/journal/cam4
http://orcid.org/0000-0002-2191-2784
http://orcid.org/0000-0002-0624-5215
http://orcid.org/0000-0002-3344-2361
http://orcid.org/0000-0001-8323-5320
mailto:﻿
http://orcid.org/0000-0003-4432-4894
mailto:﻿
https://orcid.org/0000-0002-1873-1587
http://creativecommons.org/licenses/by/4.0/
mailto:hjyoon@snu.ac.kr
mailto:mdhjlee@gmail.com

KANG ET AL. C . e 2741
ancer Medicine _ J_
P— WILEY

various cancer types except thyroid cancer and in various treatment modalities, how-
ever, not shown in patients with baseline renal dysfunction.
Conclusion: AKI was an independent risk factor for all-cause mortality in overall
cancer patients with dose-responsive manner.
KEYWORDS
acute kidney injury, AKI stage, all-cause mortality, cancer, cancer treatment

1 | INTRODUCTION 2 | METHODS

Acute kidney injury (AKI) is a common, but significant 2.1 | Study population

complication in patients with cancer."* AKI is often caused
by the combination of various conditions including tumor
lysis syndrome (TLS), urinary tract obstruction, use of
nephrotoxic drugs, and sepsis.z’5 Although, there are not
many studies on AKI in all patients with cancer, a large co-
hort in Denmark reported that the risk of developing AKI in
1 year was 17% for all patients with cancer.® The rate of AKI
and the renal replacement therapy requirements are higher
in critically ill patients with cancer compared to patients
without cancer.””® Patients with severe AKI, defined by a
doubling of the serum creatinine, had an 8.8% and 14.6%
of AKI occurrence risk at 1 and 5 years after diagnosis,
respectively.6

Patients with poor kidney function might have a reduced
likelihood of receiving optimal treatment.! Recent AKI defi-
nitions such as RIFLE (Risk, Injury, Failure, Loss of kidney
function, and End-stage kidney disease) criteria”!” and the
Acute Kidney Injury Network (AKIN) classification have
emphasized that serum creatinine (sCr) differences could
increase the long-term mortality risk even in small incre-
ments.'"'* Moreover, efforts to avoid renal injury progres-
sion may contribute to reducing mortality and slowing the
progression to chronic kidney disease.'>'® Thus, being aware
of the development of AKI in accordance with the current
AKI definitions, and the risk factors for AKI in patients with
cancer would be helpful for providing proper management
and adjusting treatment option.17

Several studies have highlighted the role of AKI on mor-
tality in patients with hematologic malignancies receiving
induction therapy,18 diffuse large B-cell 1ymph0ma,19 gastric
cancer,20 bladder cancer,21 and lung cancer.?>? Additionally,
the increase in mortality according to the development of
AKI has not been observed in all studies due to the differ-
ent patients’ conditions, including overall severity, and func-
tional status.>**

We aimed to evaluate AKI risk factors and the impact of
AKI on mortality in patients with cancer using a large, com-
prehensive retrospective cohort.

The Korean Ministry of Health and Welfare started a nation-
wide registry (Korea Central Cancer Registry, KCCR) for
collecting data on cancer incidences and providing insurance
benefits for the patients. All patients with cancer in Korea
were registered in the KCCR with diagnoses based on the
International Classification of Diseases 10th revision (ICD-10).
This study was a retrospective cohort study conducted in
Seoul National University Hospital (SNUH), which is a ter-
tiary referral hospital in Seoul, South Korea. The study popu-
lation included patients who registered with KCCR at SNUH
for the first time between January 1, 2004, and December 31,
2013. A total of 106 004 patients with cancer consented to
study enrollment. We excluded those who (1) registered more
than two types of cancers, to eliminate patients with double pri-
mary cancer, (2) were <18 years, (3) had measured sCr levels
only once or did not measure sCr after the KCCR registration
date, (4) had an estimated glomerular filtration rate (eGFR)
<15 mL/min/1.73 m* or receiving maintenance dialysis, and
(5) no accurate data on death outcome. After exclusion, 67 986
patients were finally selected for the analysis (Figure 1).

2.2 | Data collection

All data in the study were reviewed via electronic medi-
cal records (EMR) and based on the first measured values
within 2 months before or after the KCCR registration date.
Cancers are classified according to the Korean version of the
ICD-10. Each code is described in Table S1. The following
demographic data were obtained: age, sex, and baseline body
mass index (BMI). Hypertension (HTN) and diabetes mel-
litus (DM) were determined by formal physician diagnosis
or by the documentation of patients’ taking antihypertensive
drugs and insulin/oral hypoglycemic agents, respectively.
The number of CT scans using contrast media was investi-
gated during the follow-up period.

Laboratory data were collected, including hemoglobin
(Hb), serum calcium, phosphorus, glucose, uric acid, protein,
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Total patients registered KCCR in SNUH
from Jan 1, 2004 to Dec 31, 2013
n =106 004

FIGURE 1
populations. Abbreviation: KCCR, Korean

Flow diagram of the study

central cancer registry; SNUH, Seoul

Exclusion

2) Age < 18 years (n = 2552)

diagnosis (n = 32)

1) Registered more than 2 cancer ICD-10 codes (n = 11 484)

3) No measured sCr or measured sCr only once (n = 23 496)
4) eGFR < 15mL/min/1.73 m2(n = 436) or dialysis before cancer

5) No accurate data for death and follow-up duration (n = 18)

National University of Hospital; ICD-10,
International Classification of Diseases
10th revision; sCr, serum creatinine; eGFR,
estimated glomerular filtration rate

Eligible population
n =67 986

albumin, bilirubin, total cholesterol, triglyceride, high-den-
sity lipoprotein (HDL), low-density lipoprotein (LDL), blood
urea nitrogen (BUN), and sCr. In terms of sCr, we extracted
any and all measured sCr values requested by outpatient clin-
ics, emergency rooms and admission department. We calcu-
lated eGFR using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation.

We gathered information about the use and type of chemo-
therapeutic agent, cancer-related surgery, and participation in
new drug clinical trials. We divided the total enrolled patients
into four groups: surgery and chemotherapy, surgery only,
chemotherapy only, and neither surgery nor chemotherapy.

23 |

To define AKI, we set the initial sCr as the first measured sCr
within 2 months before or after the KCCR registration date.
If there was no sCr within that period, we defined the initial
sCr as the earliest measured sCr after the date of KCCR reg-
istration. When both sCr values were present, the lower value
was considered as initial sCr. Because sCr is always change-
able value, thus, to define AKI events more precisely, base-
line sCr was defined as the minimum value of sCr from the
current time to the previous 3 weeks by shifting the reference
point every 3 weeks based on the KCCR registration date.
We defined AKI events in accordance with KDIGO AKI
guideline25 as follows: (1) an absolute increase in sCr 0.3 mg/
dL from the initial or baseline sCr, (2) a percentage increase
in sCr of >50% from the initial or baseline sCr. After devel-
oping the AKI definition, we further designated the AKI stage
based on the KDIGO AKI guidelines using the ratio of sCr
at the time of AKI diagnosis and initial or baseline sCr. We
defined stage of AKI by meeting the following criteria based
on the KDIGO AKI guideline: (1) sCr at AKI diagnosis is
more than 4.0 mg/dL, stage of AKI defined as stage 3, (2)
if the ratio of sCr at the time of AKI diagnosis and initial
or baseline sCr was used for defining the stage of AKI, the
ratio >3.0, stage 3; ratio >2.0, stage 2; ratio >1.5, stage 1, and
(3) the difference between sCr at AKI diagnosis and initial or
baseline sCr is more than 0.3, stage of AKI defined as stage 1.

AKI definition

2.4 | Clinical outcomes

The outcome was all-cause mortality. We collected mortal-
ity data from both an EMR review and from Statistics Korea
using a unique identifier after approval from the Ministry of
the Interior and Safety of Korea. The mortality data were ob-
tained through July 2016.

2.5 | Statistical analysis

Continuous variables are presented as mean =+ standard de-
viation and categorical variables as actual frequencies and
percentages with the Pearson's chi-squared test. We used
one-way analysis of variance (ANOVA) or the Kruskal-
Wallis test to compare continuous variables as appropriate.

The expectation-maximization algorithm?® with a boot-
strap approach27 that produces multiple imputed datasets
with plausible values, was utilized to impute missing values.
The variables that were directly related to the outcome were
excluded from the imputation, and this algorithm was imple-
mented using the R package Amelia. The number of imputed
datasets in the analysis was m = 5 and the combined result
across five datasets were obtained using “Rubin's Rules” %

We conducted a Cox regression analysis to reveal the re-
lationship between AKI and all-cause mortality and to calcu-
late the hazard ratio with 95% confidence intervals (CIs). In
the adjusted analysis, we introduced various potential con-
founders including demographics, laboratory findings, num-
ber of CT scans during follow-up, and the occurrence of AKI.
All p-values were two-sided, and values <0.05 indicated sta-
tistical significance. All statistical analyses were carried out
using the R package, version 3.4.0.

3 | RESULTS

3.1 | Baseline characteristics of overall study
participants

A total of 67 986 patients were followed for 3.9 + 3.1 years
in this study. The baseline characteristics of the enrolled
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TABLE 1 Baseline characteristics of overall patients with cancer according to AKI stage

Total patients No AKI AKI Stage 1 AKI Stage 2 AKI Stage 3

N = 67 986 N = 44 996 N=16331 N = 3180 N = 3479 P
Male (N, %) 34,414 (50.6) 19,585(43.5) 10,557(64.6) 1,897(59.7) 2,375(68.3) <0.0001
Age at cancer diagnosis (years) 56.9 + 13.0 56.9 + 13.0 59.7 £12.8 599 +129 59.3 +12.3 <0.0001
Comorbidities (N, %)

Hypertension 13,789 (20.3) 7,602 (16.9) 4,355 (26.7) 880 (27.7) 952 (27.4) <0.0001

Diabetes 6,312 (9.3) 3,143 (7.0) 2,155 (13.2) 458 (14.4) 556 (16) <0.0001
Smoking (N, %)

Current smoker 8,474 (12.5) 4,705 (10.5) 2,697 (16.5) 492(15.5) 580 (16.7) <0.0001
BMI (kg/m?) 23.6+3.2 23.6 +3.2 235+33 233+34 23.6 +3.3 0.002
SBP (mmHg) 1235+ 16.4 123.1 + 16.1 1242 +16.7 122.9 + 16.8 1252+ 178 <0.0001
DBP (mmHg) 765+ 11.1 76.6 + 11.1 76.6 +11.2 76.0 + 11.2 76.7 +11.2 0.690
Cancer (N, %)

Thyroid cancer 6,146 (9.0) 5,677 (12.6) 390 (2.4) 47 (1.5) 32 (0.9) <0.0001

Breast cancer 10,820 (15.9) 9,513 (21.1) 1,079 (6.6) 125 (3.9) 103 (3)

Head and neck cancer 1,253 (1.8) 821 (1.8) 356 (2.2) 45 (1.4) 31 (0.9)

Central nervous system 1,365 (2.0) 909 (2.0) 388 (2.4) 44 (1.4) 24 (0.7)

Stomach 9,547 (14) 6,733 (15.0) 2,179 (13.3) 347 (10.9) 288 (8.3)

Colorectal and anal cancer 7,385 (10.9) 4,772 (10.6) 1,979 (12.1) 298 (9.4) 336 (9.7)

Pancreatic cancer 1,638 (2.4) 878 (2.0) 522 (3.2) 141 (4.4) 97 (2.8)

CBD and GB cancer 1,287 (1.9) 670 (1.5) 432 (2.6) 88 (2.8) 97 (2.8)

Hepatocellular carcinoma 7,980 (11.7) 3,688 (8.2) 2,364 (14.5) 803 (25.3) 1,125 (32.3)

Respiratory tract cancer 5,855 (8.6) 3,239 (7.2) 2,140 (13.1) 284 (8.9) 192 (5.5)

Kidney and urinary tract 3,640 (5.4) 1,667 (3.7) 1,505 (9.2) 170 (5.3) 298 (8.6)

cancer

Female genital organ cancer 2,341 (3.4) 1,503 (3.3) 561 (3.4) 144 (4.5) 133 (3.8)

Male genital organ cancer 2,493 (3.7) 1,685 (3.7) 591 (3.6) 48 (1.5) 169 (4.9)

Hematologic malignancy 3,226 (4.7) 1,440 (3.2) 923 (5.7) 432 (13.6) 431 (12.4)

Bone, joint, and soft tissue 978 (1.4) 618 (1.4) 289 (1.8) 36 (1.1) 35(1.0)

cancer
Skin cancer and melanoma 696 (1.0) 506 (1.1) 158 (1.0) 22 (0.7) 10 (0.3)
Other cancer 1,336 (2.0) 677 (1.5) 475 (2.9) 106 (3.3) 78 (2.2)
Laboratory data
eGFR at diagnosis (mL/ 823 +17.8 83.2 +16.1 80.6 + 19.7 82.0 +£20.3 77.5 £24.4 <0.0001
min/1.73 m%)

>90 22,973 (33.8) 15,230 (33.8) 5,441 (33.3) 1,157 (36.4) 1,145 (32.9)

60-89 38,239 (56.2) 26,588 (59.1) 8,476 (51.9) 1,577 (49.6) 1,598 (45.9)

45-59 5,068 (7.5) 2,706 (6.0) 1,681 (10.3) 329 (10.3) 352 (10.1)

30-45 1,245 (1.8) 402 (0.9) 559 (3.4) 96 (3.0) 188 (5.4)

15-30 461 (0.7) 70 (0.2) 174 (1.1) 21 (0.7) 196 (5.6)

Creatinine (mg/dL) 09+0.3 09+02 1.0+03 09+0.3 1.1+0.5 <0.0001

Albumin (g/dL) 4.1 (0.5) 42+04 39+0.6 3.7+£0.7 37+0.7 <0.0001

Bilirubin (mg/dL) 1.0+£138 09+12 1.2 2k 2.2) 14+26 1.7+3.5 <0.0001

Uric acid (mg/dL) 48+ 15 47+ 14 50£1.7 48+ 1.8 51+19 <0.0001

WBC (x10%/uL) 71+82 6.8 +£6.8 7.6 +10.0 8.1+13.1 74 +7.0 <0.0001

(Continues)
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TABLE 1 (Continued)
Total patients No AKI AKI Stage 1 AKI Stage 2 AKI Stage 3
N =67 986 N =44 996 N =16 331 N = 3180 N = 3479 P
Hemoglobin (g/dL) 13.1+2.0 133+ 1.8 129 £ 2.1 122 +£2.3 123 +24 <0.0001
Platelet (><103/pL) 236.6 + 92.9 240.4 + 83.1 235.7 +101.3 221.8 +130.2 208.6 + 113.7 <0.0001
Total cholesterol (mg/dL) 176.8 +41.6 180.9 + 38.3 171.2 +44.3 164.3 +50.2 164.8 +49.3 <0.0001
CT (N, %)
No CT 11,689 (17.2) 9,606 (21.3) 1,544 (9.5) 205 (6.4) 334 (9.6) <0.0001
>0~1/year 15,965 (23.5) 12,370 (27.5) 2,790 (17.1) 370 (11.6) 435 (12.5)
>1~3/year 19,683 (29.0) 13,219 (29.4) 5,081 (31.1) 729 (22.9) 654 (18.8)
>3/year 20,649 (30.4) 9,801 (21.8) 6,916 (42.3) 1,876 (59.0) 2,056 (59.1)
Clinical trial (N, %) 1,258 (1.9) 1,258 (1.9) 474 (2.9) 111 (3.5) 97 (2.8) <0.0001
Cancer treatment (N, %)
Surgery only 22,941 (33.7) 17,246 (38.3) 4,596 (28.1) 509 (16) 590 (17.0) <0.0001
Surgery and chemotherapy 16,496 (24.3) 10,074 (22.4) 4,692 (28.7) 897 (28.2) 833 (23.9)
Chemotherapy only 13,816 (20.3) 6,276 (13.9) 4,717 (28.9) 1,320 (41.5) 1,503 (43.2)
No surgery and 14,733 (21.7) 11,400 (25.3) 2,326 (14.2) 454 (14.3) 553 (15.9)

chemotherapy

Abbreviations: AKI, acute kidney injury; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; CBD, common bile duct; GB, gallbladder;
eGFR, estimated glomerular filtration rate; WBC, white blood cell; CT, computed tomography

patients are shown in Table 1. The mean age was 56.9 +
13.0 years, and 50.6% of the patients were men. Individuals
with DM and HTN comprised 20.3% and 9.3% of the study
population, respectively. The most common cancer type
was breast cancer followed by HCC and lower gastroin-
testinal cancers. The proportion of patients with eGFR
<60 mL/min/1.73 m* was approximately 10%. More than
80% of the patients were exposed to CT contrast at least
once. In terms of cancer treatments, 33.7% of the patients
received surgery only, 20.3% chemotherapy only, 24.3%
both surgery and chemotherapy, and 21.7% received other
treatments such as radiotherapy or local treatment. The pa-
tients who participated in new drug clinical trials were 1,258
(1.9%).

3.2 | Comparisons of patients’
characteristics according to AKI stage

Baseline characteristics according to the AKI stages was
described in Table 1. The proportions of patients with No
AKI, AKI stage 1, 2, and 3 were 66.2%, 24.0%, 4.7%, and
5.1%, respectively, and the median time to the first AKI
event was 106 days (interquartile range 25-476 days).
The more severe the AKI, the lower the levels of the ini-
tial eGFR, serum albumin, and platelet counts. The AKI
stage was positively correlated with radio-contrast expo-
sure counts. Additionally, patients with AKI received more
chemotherapy and were enrolled in more clinical trials than
patients without AKI.

AKI stage according to cancer type is summarized in
Figure 2. Overall AKI incidence was highest with hemato-
logic malignancies. More than half of patients with these
three types of cancer experienced an AKI event after their
cancer diagnosis. Severe AKI with stage 3 was shown most in
HCC (14.1%), followed by hematologic malignancy (13.4%),
kidney and urinary tract cancer (8.2%), male (6.8%), and fe-
male (5.68%) genital organ cancer. The number of patients
who never developed AKI during the follow-up period was
larger in those with thyroid cancer (92.4%), followed by
breast cancer (87.92%).

3.3 | Risk Factors for AKI development

We performed a logistic regression analysis to find risk fac-
tors for AKI development and the results are summarized in
Table S2. Male sex, older age, HTN, DM, high mean arterial
pressure, and clinical trial participation were revealed to be
independent risk factors for AKI occurrence in all patients
with cancer. Kidney and urinary tract cancer had the highest
rates of AKI, followed by hematologic. Lower serum albu-
min and hemoglobin, higher serum bilirubin and uric acid,
multiple CT exposures, and chemotherapy also increased the
occurrence of AKI.

Lower eGFR was also an important risk factor for AKI
in patients with cancer, especially if the eGFR was less than
60 mL/min/1.73 m>. These patients showed a step-wise in-
crease in AKI risk with a decrease in baseline renal func-
tion (eGFR 45-59 mL/min/1.73 mz, adjusted odds ratio
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FIGURE 2 Description of AKI stage according to cancer type. Abbreviation: AKI, acute kidney injury; CBD, common bile duct; GB,

gallbladder

[aOR] 1.302, 95% CI 2.332-3.129, P < 0.01; 30-45 mL/
min/1.73 m%, aOR 2.701, 95% CI 2.332-3.129, P < 0.01;
15-30 mL/min/1.73 m?, aOR 7.583, 95% CI 5.661-10.157,
>90 mL/min/1.73 m?, reference group). Interestingly, how-
ever, this tendency was not observed in patients with eGFR
60-89 mL/min/1.73 m2, who showed a rather reduced risk
of AKI compared with the reference eGFR group (eGFR
60-89 mL/min/1.73 m?, aOR 0.809, 95% CI 0.774-0.845,
P <0.01).

3.4 | AKI occurrence and all-
cause mortality

During the observation period, a total of 23 022 (33.9%)
deaths occurred. AKI occurrence was associated with in-
creased mortality in a step-wise manner in the univariate
analysis. When adjusted for age, sex, and cancer type (Model
1), this dose-responsive relationship remained significant.
We additively adjusted for the co-morbidities and various
laboratory results (Model 2), as well as the sequentially con-
trast-enhanced CT counts, inclusion of clinical trials, and
cancer treatments (Model 3). Consequentially, AKI stage
was an independent risk factor for elevated mortality in pa-
tients with cancer in a dose-responsive manner (Table 2).
Figure 3 summarizes the results of a subgroup analysis ac-
cording to the various cancer types. AKI stage was an import-
ant risk factor in most cancer types, except thyroid cancer.
Moreover, AKI severity had a dose-responsive association

with all-cause mortality, and this tendency was most prom-
inent in the hematologic malignancies, and kidney and uri-
nary tract cancer.

Figure 4 shows that AKI affected all-cause mortality in
a dose-responsive manner in patients with cancer with pre-
served baseline renal function (¢GFR > 60 mL/min/1.73 mz).
However, it did not show an effect in those with advanced
baseline renal impairments (eGFR 15-45 mL/min/1.73 mz).
Patients with moderate renal dysfunction (eGFR 45-60 mL/
min/1.73 m?) had elevated mortality risk only when they had
AKI higher than stage 2.

Finally, we analyzed the influence of AKI on mortal-
ity according to the type of cancer treatment (Figure 5). A
dose-response association between all-cause mortality and
AKI stage were observed in nearly all the subgroups. In the
chemotherapy-only group, all-cause mortality was lower in
patients in AKI stage 1 than in patients without AKI (AKI
stage 1 in the chemotherapy-only group, HR 0.895, 95% CI
0.845-0.947, P < 0.01). The difference in the HRs was dif-
ferent for each subgroup, and the mortality risk according to
AKI stage was higher in patients undergoing surgery.

4 | DISCUSSION

In this large-scale study, we found that AKI severity deter-
mined by the KDIGO AKI staging method, was associated
with increased mortality in a dose-responsive manner in all
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patients with cancer and all cancer types except for thyroid
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A~ AR tality was evident only in the group with eGFR > 60 mL/
min/1.73 m>. Patients with cancer and moderate renal dys-
function (eGFR 45-60 mL/min/1.73 mz) had an increased
> 0 @ mortality risk only if they had stage 2 or 3 AKI.
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FIGURE 3 Forest plot of
multivariable COX analysis according
to cancer type. Abbreviation: AKI, acute
kidney injury; HR, hazard ratio; CI,
confidential interval

FIGURE 4 Forest plot of
multivariable COX analysis according to
eGFR at cancer diagnosis. Abbreviation:
eGFR, estimated glomerular filtration rate;
HR, hazard ratio; CI, confidential interval

Subgroup
[Reference = No AKI]
Overall cancer

Stage1

Stage2

Stage3

Thyroid cancer
Stage1
Stage2
Stage3

Breast cancer
Stage1
Stage2
Stage3

Respiratory tract cancer
Stage1
Stage2
Stage3

Stomach cancer
Stage1
Stage2
Stage3

Hepatocellular carcinoma
Stage1
Stage2
Stage3

Colorectal and anal cancer
Stage1
Stage2
Stage3

Kidney and urinary tract cancer
Stage1
Stage2
Stage3

Hematologic malignancy
Stage1
Stage2
Stage3

Subgroup No.

[Reference = No AKI]
Overall

Stage1

Stage2

Stage3

eGFR >=90
Stage1
Stage2
Stage3

eGFR 60-89
Stage1
Stage2
Stage3

eGFR 45-59
Stage1
Stage2
Stage3

eGFR 30-44
Stage1
Stage2
Stage3

eGFR 15-29
Stage1
Stage2
Stage3

Hazard ratio
No. of patients (%)

HR (95% CI)

16331 (24) . 1,096 (1.056, 1.136)
3180 (4.7) - 1.585 (1.492, 1.684)
3479 (5.1) - 1.746 (1.643, 1.856)
390 (6.3) —— 0.756 (0.456, 1.253)
47 (0.8) —— 1.011 (0.482, 2.123)
32(0.5) —_— 0.868 (0.316, 2.382)
1079 (10) - 1.674 (1.466, 1.911)
125 (1.2) — 3.108 (2.481, 3.894)
103 (1) — 3.225 (2.484, 4.188)
2179 (22.8) - 1.162 (1.063, 1.271)
347 (3.6) - 1.631 (1.419, 1.874)
288 (3) 1.957 (1.687, 2.271)
1979 (26.8) - 1.313 (1.19, 1.448)
298 (4) 1.94 (1,657, 2.271)
336 (4.5) —-— 2.082 (1.793, 2.418)
2140 (36.5) - 0.895 (0.832, 0.963)
284 (4.9) " 1.279 (1.113, 1.469)
192 (3.3) _— 1.324 (1.126, 1.557)
1505 (41.3) —a— 1.235 (1,032, 1.477)
170 (4.7) —.— 1.241(0.94, 1.638)
298 (8.2) — 1578 (1.252, 1.99)
158 (22.7) - 1.355 (1.255, 1.462)
22(3.2) - 1.775 (1.61, 1.956)
10 (1.4) - 2.176 (1.995, 2.372)
475 (35.6) —— 1.698 (1.435, 2.009)
106 (7.9) —— 2.86 (2.37, 3.45)
78 (5.8) —s—— 4,089 (3.404, 4.911)

051152253354455

Hazard ratio

of patients (%)

(NA)

16 331 (24) -
3180 (4.7)

3479 (5.1)
(NA)
(NA)
4297 (22.7) -
677 (3.6)
532 (2.8)
(NA)
(NA)
6788 (21) -
983 (3)
919 (2.8)
(NA)
(NA)

1376 (32.6) -
214 (5.1)
234 (5.5)

(NA)
(NA)

442 (45.6)
61(6.3)
116 (12)

(NA)
(NA)
141 (43.5)
10 (3.1)
122 (37.7)

HR (95% Cl)

1.096 (1.056, 1.136)
1.585 (1.492, 1.684)
1.746 (1.643, 1.856)

1.119 (1.046, 1.196)
1.6 (1.438, 1.78)
1.898 (1.696, 2.124)

1.122 (1.069, 1.177)
1.64 (1512, 1.78)
1.941 (1.784, 2.112)

0.903 (0.805, 1.012)
1.406 (1.17, 1.69)
1.274 (1.06, 1.531)

0.976 (0.784, 1.215)
1.115 (0.775, 1.604)
0.981 (0.724, 1.329)

0.822 (0.514, 1.316)
0.439 (0.134, 1.432)
0.9 (0.552, 1.466)
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P-value

<0.001
<0.001
<0.001

0.278
0.976
0.783

<0.001
<0.001
<0.001

0.001
<0.001
<0.001

<0.001
<0.001
<0.001

0.003
0.001
0.001

0.021
0.128
<0.001

<0.001
<0.001
<0.001

<0.001
<0.001
<0.001

P-value

<0.001
<0.001
<0.001

0.001
<0.001
<0.001

<0.001
<0.001
<0.001

0.08
<0.001
0.01

0.827
0.557
0.899

0.415
0.172
0.671
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Hazard ratio

FIGURE 5 Forest plot of

Subgroup No. of patients (%) HR (95% CI) P-value multivariable COX analysis according
[Reference = No AKI] to cancer treatment. Abbreviation: AKI,
Overall (NA) acute kidney injury; HR, hazard ratio; CI,
Stage1 16 331 (24) n 1.096 (1.056, 1.136)  <0.001 confidential interval
Stage2 3180 (4.7) - 1.585 (1.492, 1.684)  <0.001
Stage3 3479 (5.1) HH 1.746 (1.643, 1.856)  <0.001
(NA)
Surgery & Chemo (NA)
Stage1 4107 (27.3) - 1.35(1.26, 1.447)  <0.001
Stage2 705 (4.7) —— 2.066 (1.863, 2.29) <0.001
Stage3 640 (4.2) —— 2.236 (2.011, 2.486)  <0.001
(NA)
Not Surgery & Not Chemo (NA)
Stage1 1719 (14.5) - 0.912 (0.832, 1) 0.051
Stage2 273 (2.3) —— 1.466 (1.252, 1.718)  <0.001
Stage3 309 (2.6) —.— 1.707 (1.466, 1.987) <0.001
(NA)
Surgery & Not Chemo (NA)
Stage1 4266 (19.5) HH 1.295 (1.185, 1.414)  <0.001
Stage2 438 (2) —a— 1.798 (1.54, 2.1) <0.001
Stage3 517 (2.4) —8— 2342 (2.011, 2.726)  <0.001
(NA)
Not Surgery & Chemo (NA)
Stage 2952 (37.3) - 0.895 (0.845, 0.947)  <0.001
Stage2 529 (6.7) HEH 1.121 (1.014, 1.239) 0.026
Stage3 457 (5.8) HH 1.161 (1.044, 1.291)  0.006

Although, there have been many reports that AKI is asso-
ciated with all-cause mortality in hospitalized patients,35'37
there is a lack of research on whether this association applies
in patients with cancer. In previous studies of patients with
cancer who were treated in the intensive care unit (ICU),
mortality was increased according to the RIFLE risk cate-
gory in a dose-responsive manner.”> This relationship was
observed in nearly all cancer types except thyroid cancer,
presumably due to its female predominance, the lower pro-
portion of patients receiving chemotherapy, follow-up using
ultrasonography rather than contrast-enhanced CT, and the
relatively lower risk of surgery.

In a multivariable Cox analysis, dose-responsiveness
was observed between all-cause mortality and AKI se-
verity, except in the chemotherapy only group (Figure 5),
which, in our cohort comprised patients with HCC and
respiratory tract cancer (data not shown). Transarterial
chemoembolization (TACE) has been used as the most
common therapeutic method in real-life clinical practice in
South Korea.* Patients who have received long-term re-
peated TACE eventually develop lung or other organ me-
tastasis, and they are switched to systemic chemotherapy.
Therefore, the survival rate of patients treated with chemo-
therapy-only might be higher than those of other groups.
One of the hypotheses regarding this phenomenon is due to
TLS. Hematologic malignancy and small cell lung cancer

are common cancers that exhibit TLS because they have
good response to chemotherapy-only.39 A large number of
patients who are diagnosed with hematologic malignancy
received chemotherapy-only (60%) in our cohort.

Recently, many patients with cancer are increasingly
being treated as outpatients in chemotherapy day units rather
than hospitalization. Therefore, the clinical course in the out-
patient setting should also be included for an adequate as-
sessment of AKI in patients with cancer. However, most of
the studies regarding AKI were conducted in patients who
were hospitalized, including in the ICU, and the mortality
of critically ill patients with cancer reached 14%-30%.> We
confirmed that the risk of all-cause mortality increased as the
severity of AKI increased based on sCr in all clinical settings
mentioned above.

This study has several limitations. First, although stag-
ing is one of the important factors in the survival of pa-
tients with cancer, we could not take this into account in our
study. Therefore, we divided them into locoregional versus
systemic treatment according to chemotherapy and surgery.
The surgery-only group was likely to have received curative
surgery, the chemotherapy-only group was likely to receive
palliative chemotherapy except those with hematologic
malignancies. Additionally, the patients who had surgery
and chemotherapy performed simultaneously were likely
to have received adjuvant or neo-adjuvant chemotherapy.
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Second, we could not fully evaluate all the factors influ-
encing AKI events as covariates, including urinary tract
obstruction, the usage of nonsteroidal anti-inflammatory
drugs, and other radiologic interventions that used contrast
media, with the exception of CT. Third, when we evaluated
AKI development, we only measured sCr once. Therefore,
the sCr may not indicate true baseline renal function of
each patient, which means that when sCr was higher than
normal level, it was difficult to know whether the sCr
meant AKI on chronic kidney disease (CKD) or CKD only.
In addition, because each patient had a different interval
for measuring the sCr during the follow-up period, patients
who frequently measure sCr were more likely to develop
AKI. Last, we dealt with only the initial AKI events instead
of recurrent or continuous events.

We found that >33% of the patients with cancer experi-
enced an AKI event. Moreover, we demonstrated that AKI
is an important risk factor for all-cause mortality in all pa-
tients with cancer in a dose-responsive manner. Physicians
and researchers should not only focus on therapeutic options
for cancer, but also optimize maintenance of kidney health
during a period of continuously improving cancer survival.
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