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Purpose
Cisplatin-associated acute kidney injury (C-AKI) is common. We sought to develop and validate
a predictive model for C-AKI after the first course of cisplatin.

Methods

Clinical and demographic data were collected on patients who received cisplatin between 2000 and
2016 at two cancer centers. C-AKI was defined as a 0.3 mg/dL rise in serum creatinine within
14 days of receiving cisplatin. Using multivariable logistic regression models with C-AKI| as the
primary outcome, we created a scoring model from the development cohort (DC) and tested it in the
validation cohort (VC).

Results

C-AKI occurred in 13.6% of 2,118 patients in the DC and in 11.6% of 2,363 patients in the VC.
Factors significantly associated with C-AKl included age 61 to 70 years (odds ratio [OR], 1.64 [95%
Cl, 1.21 t0 2.23]; P=.001) and 71 to0 90 years (OR, 2.97 [95% ClI, 2.06 to 4.28]; P< .001) compared
with = 60 years; cisplatin dose 101 to 150 mg (OR, 1.58 [95% ClI, 1.14 to 2.19]; P = .007) and
> 150 mg (OR, 3.73 [95% CI, 2.68 to 5.20]; P < .001) compared with = 100 mg; a history of
hypertension (OR, 2.10[95% ClI, 1.54 t0 2.72]; P< .001) compared with no hypertension; and serum
albumin 2.0 to 3.5 g/dL (OR, 2.21 [95% CI, 1.62 to 3.03]; £ < .001) compared with > 3.5 g/dL. The
baseline estimated glomerular filtration rate was not significantly associated with the risk of C-AKI.
The c-statistics of the score-based model in the DC and the VC were 0.72 (95% Cl, 0.69 to 0.75) and
0.70(95% ClI, 0.67 t0 0.73), respectively. Scores of 0, 3.5, and 8.5 were associated with a probability
of C-AKl of 0.03 (95% Cl, 0.03 t0 0.05), 0.12 (95% CI, 0.11 t0 0.14), and 0.51 (95% ClI, 0.43 to 0.60),
respectively.

Conclusion
A score-based model created by using the patient’'s age, cisplatin dose, hypertension, and serum
albumin is predictive of C-AKI.

J Clin Oncol 36:682-688. © 2018 by American Society of Clinical Oncology

sufficient to identify patients at risk of cisplatin-
associated acute kidney injury (C-AKI) using
baseline renal function alone. Other risk fac-

Since its introduction in 1978, cisplatin has led to
a dramatic survival advantage for patients with
a variety of cancers." Although it is an effective
chemotherapeutic agent, cisplatin causes neph-
rotoxicity in approximately 30% of patients at
some point during treatment.”* Cancer centers
and clinical trials use various renal function
measures such as serum creatinine (SCr), creat-
inine clearance,’ or, less commonly, the estimated
glomerular filtration rate (eGFR)®® as one of the
primary criteria for determining candidacy for
cisplatin use. Although prudent, it may not be
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tors identified from observational studies have
not been incorporated routinely into candidacy
determination. One reason might be that most
studies of C-AKI have involved a small number
of patients,”'® typically with a single type of
cancer.'" '

A prediction model developed from readily
available clinical characteristics and risk factors
for C-AKI could transform counseling and pa-
tient selection. Prediction models are becoming
increasingly recognized as useful tools, and pol-
icymakers recommend their use routinely in
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Risk Prediction Model for Cisplatin-Associated Kidney Injury

clinical practice guidelines.'>'® Therefore, we sought to use
large-scale data repositories of patients with cancer treated with
cisplatin to identify risk factors for C-AKI after the first course.
We then used these risk factors to develop a clinically useful
prediction model and validated the model in an independent
sample.

The methods described in this article are in accordance with the Trans-
parent reporting of a multivariable prediction model for individual
prognosis or diagnosis (TRIPOD) statement.'®

Source of Data

We conducted an observational study of two cohorts assembled
using two large but independent patient data repositories—the Partners
Research Patient Data Registry (RPDR), which collects data from all
Partners-affiliated institutions including Massachusetts General Hos-
pital (MGH) and Brigham and Women’s Hospital, and the Oncology
Data Retrieval System (OncDRS) at Dana-Farber Cancer Institute
(DECI). The study was approved by the DFCI institutional research
board.

Development cohort (MGH). We obtained a list of all patients who
had received cisplatin at MGH between 2005 (the earliest year that the
pharmacy data were recorded electronically) and 2014. Demographic and
clinical information was obtained from the RPDR.

Validation cohort (DFCI/Brigham and Women’s Hospital). We ob-
tained demographic and clinical data from the OncDRS for patients treated
at DFCI who had received cisplatin between 2000 and 2015.

Participants and Exposure

We included patients =18 years of age who had been treated with
cisplatin, who had had at least one SCr measurement within the month
before the first course of cisplatin, and at least one measurement within
14 days after this first course. Patients who had had cisplatin administered
in the setting of allergic desensitization and those with a baseline creatinine
level of > 1.5 mg/dL were excluded. Patients with covariates with
a prevalence of < 5% and those with > 50% missing data were also
excluded.

Cisplatin may have been administered in a single infusion or in
fractionated infusions over consecutive days, in which case the dose was the
sum of all cisplatin administered over the first course. Patients received
hydration before and after chemotherapy, as per provider discretion, with
normal saline or an electrolyte solution with potassium chloride and
magnesium sulfate.

Covariates

We collected data for potential predictors of interest from the month
before the date of an individual’s first course of cisplatin (the index date).
Variables were chosen on the basis of a previous literature review of risk
factors for C-AKI and additional known risk factors for acute kidney injury
(AKI) from other causes. Demographic information included age, sex,
ethnicity, height, and weight at the time of initial cisplatin administration.
Clinical information included cisplatin dose (milligrams); fractionated
versus single infusion; date of infusion; concurrent use of mannitol or
amifostine; baseline laboratory values, including blood urea nitrogen,
creatinine, magnesium, and albumin; use of diuretics, angiotensin-
converting enzyme inhibitors, angiotensin receptor blockers; and his-
tory of diabetes or hypertension recorded before index date using diagnosis
codes (International Classification of Diseases, Ninth Revision, Clinical
Modification).*°
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Outcome

We defined C-AKI as a = 0.3 mg/dL rise in SCr from baseline to peak
measurements as per the National Cancer Institute’s nephrotoxicity criteria
after the first course of cisplatin.”! For the purpose of comparison, we also
calculated the frequency of AKI by using additional definitions, including
a 1.5-fold increase in creatinine or a doubling of creatinine. We defined the
severity of C-AKI using the Acute Kidney Injury Network criteria; stage I
was a = 0.3 mg/dL rise in creatinine or an increase of 1.5- to two-fold from
baseline; stage I was a SCr increase > 2.0- to 3.0-fold from baseline; stage
III was an SCr increase > 3.0-fold from baseline or an SCr = 4.0 mg/dL
with an acute increase of at least 0.5 mg/dL or need for renal replacement
therapy.

Creatinine checked within the month before the index date was used
as the baseline. If there were multiple values, then the value closest to the
index date was chosen to be the most representative of renal function at the
time of cisplatin exposure. Peak creatinine was defined as the highest
creatinine value within 14 days after the index date. This was intended to
accommodate the variability in the time until follow-up laboratory
measurements after administration of chemotherapy as well as the known
window of toxicity.

Statistical Analysis

Continuous variables are presented as mean (standard de-
viation) or median (interquartile range [IQR]), whereas categorical
variables are described by frequency. Unadjusted associations be-
tween the covariates and the primary outcome were evaluated using
X’ tests for categorical data, the  test for normally distributed var-
iables, and the Kruskal-Wallis test for nonparametric variables. We
targeted variables commonly available in the clinical setting with
the goal of developing a readily applicable clinical model. Variables
considered were age, sex, ethnicity, history of diabetes, history of
hypertension, mannitol use, body mass index (BMI), eGFR calculated
by the Chronic Kidney Disease Epidemiology equation, cisplatin
dose, and fractionated versus single infusion. All continuous variables
were examined linearly as well as in multiple categories, and non-
significant categories in the same direction were collapsed where
appropriate for parsimony.’” We used multivariable logistic re-
gression with backward elimination, setting a P value > .05 for the
removal of variables. Once the primary variables were selected by
backward elimination, we added clinically relevant interaction terms
to examine any potential effect modification among age, ethnicity,
eGFR, and cisplatin dose. Data for serum albumin, height, and weight
were missing for some participants in the development cohort (DC).
Sensitivity analysis was performed with and without the use of the
missing categories, as well as by imputing values in the normal range
for missing serum albumin. We used complete case analysis when
removing patients with missing data did not change the 8 estimates
by > 10% or the model c-statistic by > 0.05. Fit of the model was
assessed by the Hosmer-Lemeshow goodness-of-fit test. Discrimi-
nation was assessed by the area under the receiver operating char-
acteristic curve (c-statistic). Analyses were performed using SAS
version 9.4. (SAS Institute, Cary, NC).

Prediction Model

Score. A score for each variable in the model was derived by dividing
the parameter estimates by the lowest value and then rounding off to the
next 0.5. This readily usable method was applied successfully in a previous
study.?’

External validation. We chose the DFCI as our validation cohort
(VC) despite its being the larger of the two, given that a greater number of
values were missing for albumin (approximately 30%), a predictor of
importance in our a priori hypothesis. Baseline characteristics of the DC
and the VC were comparable. External validation was performed by
calculating a score for each individual patient in the DFCI dataset and
evaluating various model performance measures.

© 2018 by American Society of Clinical Oncology 683
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We identified 2,502 and 4,876 adult patients in the DC and the VC,
respectively, who received cisplatin. After application of inclusion
and exclusion criteria, the final sample sizes in the analysis were
2,118 patients in the DC and 2,363 patients in the VC (Figs 1A and
1B).

The clinical characteristics of patients included in the final
analysis are listed in Table 1. Patients in the DC and the VC, re-
spectively, tended to be middle aged (56.8 years [95% CI, 56.3 to
57.4 years]; range, 18 to 89 years; and 55.7 years [95% CI, 55.2 to
56.2 years); range, 18 to 90 years); overweight (BMI, 26.6 kg/m*
[95% CI, 26.4 to 26.9 kg/m?] and 27.0 kg/m? [95% CI, 26.7 to
27.1 kg/m?]); white (85.0% [95% CI, 84% to 87%)] and 88.2%
[95% CI, 87% to 89%]); and male (55.4% [95% CI, 53% to 58%]
and 57.1% [95% CI, 55% to 59%]). Approximately one half of the
patients (49.4% [95% CI, 47% to 52%] and 51.2% [95% CI, 49%
to 53%]) had hypertension; 14.2% (95% CI, 13% to 16%) and
16.8% (95% CI, 15% to 18%) had diabetes; and the baseline
creatinine was 0.88 mg/dL (95% CI, 0.87 to 0.89 mg/dL) and
0.83 mg/dL (95% CI, 0.82 to 0.84 mg/dL). The median cisplatin
dose was higher (118.0 mg [IQR, 77-151 mg] v 88.7 mg [IQR,
53-142 mg]) and was more frequently fractionated over multiple
days (15.9% [95% CI, 14% to 17%] v 1.4% [95% CI, 1% t02%]) in
the DC compared with the VC.

C-AKI occurred in 13.6% and 11.6% patients in the DC and
the VC, respectively, with the majority being Acute Kidney Injury
Network—stage I (11% and 9.8%, respectively), and less frequently,
stage II (1.9% and 1.4%, respectively) and stage III (0.7% and
0.4%, respectively). Using the alternative definitions of a 1.5 times
rise in creatinine and a doubling of creatinine from baseline to

peak, the frequency rates of AKI were 7.8% and 2.6%, respectively,
in the DC and 5.9% and 1.8%, respectively, in the VC. Baseline
eGFR on univariate analysis did have a significant association with
C-AKI (odds ratio [OR], 1.8 [95% CI, 1.2 to 2.8]; P = .005). This
relation was no longer significant after age was added to the model
(OR, 1.2 [95% CI, 0.8 to 1.2]; P = .25). Hence, it seems that the
relation between eGFR and C-AKI was driven mostly by age.

The multivariable logistic regression model considered age,
sex, ethnicity, BMI, history of diabetes, history of hypertension,
cisplatin dose, fractionated dosing, eGFR, use of diuretics, use
of an angiotensin-converting enzyme inhibitor and/or an
angiotensin-receptor blocker, use of mannitol, and serum al-
bumin. An angiotensin-converting enzyme inhibitor and/or
angiotensin-receptor blocker, diuretics, mannitol, and ami-
fostine were used in 7%, 5%, 54.2%, and < 5%, respectively, of
our DC and were not associated with C-AKI on multivariable
analysis. Variables statistically significantly associated with
C-AKl included a history of hypertension, serum albumin 2.0 to
3.5 g/dL, age older than 60 years, and dose > 100 mg (Table 2).
There was no change in the model parameters when eGFR was
forced in the model as a continuous variable or as a categorical
one. Specifically, there were no variables with a > 10% change in
the parameter estimate, and the c-statistic remained identical at
0.72 with or without eGFR in the model. Given this result and
the fact that no significant association between eGFR and C-AKI
was indicated on multivariable analysis, and because it did not
improve the predictive ability of our model, eGFR was omitted.
The scores generated for the significant variables are listed in
Table 2. The total score for each patient was computed by
summing the individual risk factor scores.

The Hosmer-Lemeshow goodness-of-fit test that is based on
deciles of risk indicated that the model was a good fit (P =.16). The

Excluded for missing
—— follow-up/peak creatinine

Patients Patients
(n =2,502) (n =4,876)
Excluded for missing Excluded for missing
— baseline creatinine — baseline creatinine
(n=18) (n=744)
Patients Patients
(n =2,484) (n =4,132)

Excluded for missing
—— follow-up/peak creatinine

(n = 338) (n = 700)
Patients Patients
(n =2,146) (n =3,432)
Excluded for baseline Excluded for baseline
—— creatinine of > 1.5 mg/dL —— creatinine of > 1.5 mg/dL
(n=17) (n=22)
Patients Patients
(n=2,129) (n =3,410)
Excluded for Excluded for
— missing albumin — missing albumin
(n=11) (n=1,047)
Patients Patients
(n=2,118) (n =2,363)
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Fig 1. (A) Development cohort. (B) Validation

cohort.
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Table 1. Characteristics of Patients in the Development and Validation Cohorts
Development Cohort Validation Cohort
Variable (n=2,128) (n =2,363)
Age, years 56.8 (13.2) 55.7 (13.1)
Male, No. (%) 1,173 (55.4) 1,349 (567.1)
White ethnicity, No. (%) 1,801 (85.0) 2,084 (88.2)
Diabetes, No. (%) 300 (14.2) 396 (16.8)
Hypertension, No. (%) 1,046 (49.4) 1,209 (51.2)
Cisplatin dose, mg, 118.4 (77-151) 88.8 (53-142)
median (IQR)
Fractionated dosing, 336 (15.9) 34 (1.4)
No. (%)
Baseline creatinine, 0.9 (0.2) 0.8 (0.2)
mg/dL
Baseline eGFR, mL/min/ 87.3 (19.4) 92.5 (18.4)
1.73m?
Albumin, g/dL 4.0 (0.5) 4.0 (0.5)
Height, cm 169.3 (9.8)* 169.4 (9.6)
Weight, Ibs 170.4 (42.0)t 171.0 (41.6)
BMI, kg/m? 26.6 (5.7) 27.0 (5.7
NOTE. Data are presented as mean (standard deviation) unless indicated
otherwise.
Abbreviations: BMI, body mass index; eGFR, estimated glomerular filtration
rate; IQR, interquartile range.
*Data missing (n = 172).
tData missing (n = 156).
$Data missing (n = 189).

c-statistics of the variable-based and score-based models in the DC
were identical at 0.72 (95% CI, 0.70 to 0.76). The adjusted OR for
C-AKI for a one-unit increase in the score was 1.49 (95% CI, 1.39
to0 1.59). In the DC and the VC, an increasing event rate of C-AKI in
both cohorts was seen with higher scores—4% and 8% for a score
range of 0 to 3; 14% and 15% for a score range of 3.5 to 6; and 39%
and 28% for scores > 6 (Fig 2). Simple statistics of the score
distributions are listed in Appendix Table Al (online only). The
score range in each cohort was 0 to 9.5, with a median score of 3.0
(IQR, 2.5-4.5) and 3.0 (IQR, 1.5-4.5) in the DC and the VC,
respectively. The predicted probability of C-AKI at scores of 3, 5.5,
and 8.5 were 0.10 (95% CI, 0.09 to 0.12), 0.24 (95% CI, 0.21 to
0.26), and 0.51 (95% CI, 0.43 to 0.60) in the DC and 0.12 (95% CI,
0.10t0 0.13), 0.28 (95% CI, 0.24 t0 0.32), and 0.44 (95% CI, 0.36 to
0.52) in the VC (Table 3 and Fig 3). After applying the score-based
model to the VC, the c-statistic was 0.70 (95% CI, 0.67 to 0.73).

This study of > 4,400 patients from two tertiary care cancer centers
demonstrates that C-AKI is a relatively common problem, oc-
curring in approximately 13% of patients after the first course of
cisplatin. Risk factors predictive of C-AKI included age, history of
hypertension, cisplatin dose, and hypoalbuminemia. The pre-
dictive model demonstrated reasonably good discrimination and
calibration. To our knowledge, this is the largest study of cisplatin
nephrotoxicity involving all types of cancer, and the first prediction
model for C-AKI to use readily available clinical and demographic
data.

After a single course of cisplatin, C-AKI has been reported to
occur in 7% to 32% of patients, using various definitions for
AKL>'"?%2 Risk factors for C-AKI reported in previous studies
include older age, female sex, smoking, hypoalbuminemia,***’
hypokalemia, single dose (v fractionated dose),** black ethnicity,""
cumulative dose (greater number of chemotherapy cycles), and
lower systolic blood pressure.”® However, the findings from some
of these studies are limited by a lack of information on re-
producibility and by small sample sizes.

Older age and hypertension have been identified as risk factors
in some studies.'**”** Our study confirmed these associations,
albeit with lower magnitudes of association and narrower Cls.
Some studies, but not all, have found female sex'**® and black
ethnicity'"'* to be risk factors for C-AKI. However, although we
had adequate representation of the two sexes, we did not find
a significant association with sex. Our sample consisted pre-
dominantly of white patients, limiting our power to examine the
association with ethnicity. Some studies®****! have found that
C-AKI was less common when the cisplatin dose was divided over
2 to 5 days rather than when administered in a single infusion.
However, our study did not replicate that association. Mannitol
was administered in 54% of patients in the DC but was not as-
sociated with a lower risk of C-AKI in univariate or multivariable
analysis, a finding similar to some prior results.’””> Despite the
widely held assumption that patients with a lower eGFR have
a higher risk of C-AKI, this has not been studied systematically and
is not supported by evidence-based studies. Within the range of our
study, baseline renal function before cisplatin administration was
not significantly associated with C-AKI.

Table 2. Multivariable Model Using Development Cohort With Score Generation

Variable No. (%) B Estimate Odds Ratio 95% Cl P Score Assigned
Age = 60 years 1,204 (56.9) Ref Ref Ref Ref 0.0
Age 61-70 years 636 (29.6) 0.50 1.64 1.21t0 2.23 .0014 1.5
Age 71-90 years 278 (13.1) 1.09 2.97 2.06 to 4.28 < .001 25
Albumin > 3.5 g/dL 1,788 (84.4) Ref Ref Ref Ref 0.0
Albumin 1.3-3.5 g/dL 330 (15.6) 0.79 2.21 1.62 to 3.03 < .001 2.0
Dose = 100 mg 843 (39.8) Ref Ref Ref Ref 0.0
Dose 101-150 mg 745 (35.2) 0.46 1.58 1.14 t0 2.19 .007 1.0
Dose > 150 mg 530 (25.0) 1.32 3.73 2.68, 5.20 < .001 3.0
No hypertension 1,030 (50.3) Ref Ref Ref Ref 0.0
Hypertension 1,019 (49.7) 0.72 2.10 1.54 to0 2.72 < .001 2.0
Abbreviation: Ref, reference variable.
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Hypoalbuminemia was found to be a risk factor not only for
C-AKL>* but also for AKI in other settings.”>® In a phase /I
clinical trial of 400 patients treated with cisplatin, de Jongh et al*®
found hypoalbuminemia to be an independent risk factor for
nephrotoxicity. Our study supports this association and identifies
a range of albumin values (2.0 to 3.5 g/dL) at which patients have
a higher risk. Hypoalbuminemia may be a surrogate for sicker
patients who might have an elevated risk of AKI of any kind,
including C-AKI. It is postulated that, because cisplatin is largely
protein bound, low serum albumin makes more circulating cis-
platin available to be sequestered by the kidney, leading to
nephrotoxicity. This mechanism has been implicated in the en-
hanced toxicity of several other protein-bound drugs.””*!

Our model was developed from routinely collected clinical
data. We chose AKI at the end of the first course as our primary
outcome to reach a simpler understanding of risk factors involved
without influence of recurrent cisplatin exposure from multiple
courses, as well as influence of dose adjustments, interruptions,
and delays that might result from various toxicities (renal and non-
renal) in the setting of cisplatin use. Moreover, we aimed to identify
additional factors that should be considered over current standard
of care, which is focused heavily on renal function alone. Im-
portantly, Figure 2 suggests that even for patients with a SCr =< 1.5
g/dL, there are clear categories of risk, with an increasing frequency
of AKI with higher prediction model scores, emphasizing that
solely using a renal function cutoff may not be sufficient to predict

the risk of C-AKI. Our study included patients with a wide variety
of types of cancers, in contrast to the majority of studies, which
focused on single cancer types. We validated our model externally
in a large population of patients at a different institution and
demonstrated good performance.

Our study has limitations. We did not include other che-
motherapeutic agents concurrently administered with cisplatin,
which may alter the incidence of AKI. Our model was developed
using a population that was predominantly white. The model was
developed in a tertiary care referral center; hence, its validity in
community practice populations remains to be tested. However,
it is notable that the variables included in our model are part of
the routine care of patients with cancer. We excluded patients
with creatinine > 1.5 mg/dL, which constituted only 0.8% and
0.6% of our DC and VC, respectively. The excluded numbers
were not large enough to meaningfully study this subgroup. It
is possible that there are as yet unidentified predictors of AKI
that could be added to improve the model. It is worth noting that
the method used for deriving the score depended on the pa-
rameter estimates, which may vary on the basis of the population
studied.

In conclusion, C-AKI remains a frequent complication of cis-
platin use. Our study presents a validated prediction model for C-AKI,
developed using readily available patient data. This model will em-
power providers and patients with more accurate, patient-specific
information regarding the risk of kidney injury. Identification of high-

Table 3. Sensitivity, Specificity, Predictive Values, and Predicted Probability of C-AKI at Various Score Thresholds in the Development and Validation Cohorts
Model Score Sensitivity (%) Specificity (%) PPV (%) NPV (%) Probability (95% Cl)

Development cohort

0.0 99.0 13.1 15.2 98.8 0.03 (0.03 to 0.05)

3.5 73.3 60.3 225 93.5 0.12 (0.11 to 0.14)

6.5 222 92.8 32.7 88.4 0.32 (0.28 to 0.37)

8.5 2.8 99.5 44.4 86.7 0.51 (0.43 to 0.60)
Validation cohort

0.0 97.8 19.2 13.8 98.5 0.04 (0.03 to 0.05)

35 65.1 61.2 18.1 93.0 0.12 (0.10 to 0.13)

6.5 21.8 93.1 29.3 90.0 0.28 (0.24 t0 0.32)

8.5 2.2 99.6 40.0 88.4 0.44 (0.36 to 0.52)
Abbreviations: C-AKI, cisplatin-associated acute kidney injury; NPV, negative predictive value; PPV, positive predictive value.
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Fig 3. Predicted probability of cisplatin-associated acute kidney injury (C-AKI)

across scores, with 95% Cls.

risk individuals may facilitate appropriate preventative options such as
more frequent laboratory monitoring, avoidance of concurrent use of
other renal tubular toxins, and careful evaluation of dosing and
administration of additional intravenous fluids. Our study also
suggests that baseline kidney function measured by SCr may not be
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Appendix

Supplementary Methods

The types of tumors treated with cisplatin were lung, testis, ovary, bladder, cervix, vulva, prostate, various head and neck
cancers, breast, bone, esophagus, stomach, gall bladder, intestines, skin, thymus, brain, and adrenal gland, and tumors with
unknown primary, among others.

In the development and validation cohorts, Lasix was used in 107 patients (5%) and 12 patients (0.5%), hydrochlorothiazide in
zero patients (0%) and four patients (0.1%), and ACEI/ARB in 151 patients (7%) and 90 patients (4%), respectively. Among these,
only the use of ACEI/ARB was significantly related to C-AKI on univariate analysis, but this relationship was no longer significant in
the multivariable model. The other antihypertensives were not associated with C-AKI in either cohort. Mannitol was administered
in 1,148 patients (54.2%) in the development cohort and was not significantly associated with C-AKI. Amifostine was used in < 5%
of patients in each of cohort and was not associated with C-AKI. We considered including serum magnesium in the model, but
because of the substantial amount of missing data (28% in the development cohort and 53% in the validation cohort), it could not
be evaluated.

Case-Based Examples

Consider the following two cases in which risk estimation may be helpful for in-office counseling.

Case 1. A 55-year old man with no significant medical history is diagnosed with bladder cancer. His oncologist would like to
prescribe a cisplatin-based regimen with a dose of 50 mg/m? intravenous every 3 weeks. On the basis of a body surface area of
1.7 m?, his cisplatin dose would be 85 mg. His baseline creatinine is 1.0 mg/dL and his serum albumin is 4.2 g/dL.

His risk scores for C-AKI after the first course would be as follows: age << 60 years = 0; dose < 100 mg = 0; no hypertension = 0;
and albumin > 3.5 g/dL = 0. Therefore, his total risk score would be 0 and his predicted probability of developing C-AKI would be
3% (95% CI, 3% to 5%).

Case 2. A 66-year old woman with a medical history of type 2 diabetes mellitus, hypertension, hyperlipidemia, and morbid
obesity with gastric cancer status after radical gastrectomy is prescribed cisplatin-based adjuvant chemotherapy with a dose of
100 mg/m* every 3 weeks. On the basis of a body surface area of 2.1 m?, her dose would be 210 mg. She has suffered some
complications from her gastric surgery and has recently been on total parenteral nutrition. Her baseline creatinine is 1.0 mg/dL and
her serum albumin is 2.8 g/dL.

Her risk scores for C-AKI after the first course would be as follows: age 61 to 70 years = 1.5; hypertension = 2; dose > 150 mg = 3;
albumin < 3.5 g/dL = 2. Therefore, her total risk score would be 8.5 and her predicted probability of developing C-AKI would be 51%
(95% CI, 43% to 60%).

Table A1. Score Distribution in the Development and Validation Cohorts

Score Measure Development Cohort Validation Cohort
Mean (SD) 3.2 (2.0) 3.0 (2.1)
Median (IQR) 3.0 (2.5-4.5) 3.0 (1.5-4.5)
Range 0.0-9.5 0.0-9.5

Abbreviations: IQR, interquartile range; SD, standard deviation.
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