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Abstract: Cisplatin is associated with dose-limiting nephrotoxicity, and the timely detection of acute
kidney injury (AKI) can affect morbimortality. Therefore, this study aimed to investigate the tools for
monitoring renal function in AKI. This was a retrospective, cohort study. Cisplatin-treated patients
with head and neck cancer were included. Nephrotoxicity was assessed using serum creatinine,
estimated creatinine clearance, serum electrolytic alterations, and plasma kidney injury molecule-1
(KIM-1). The toxicity severity was classified according to Common Terminology Criteria for Adverse
Events (CTCAE), and AKI was classified by Risk, Injury, Failure, Loss, and End-stage kidney disease
(RIFLE) and Acute Kidney Injury Network (AKIN). A total of 81 participants were included, of whom
only 32 did not have AKI. Almost 90% of participants had a decreased estimated glomerular filtration
rate five (D5) days after chemotherapy. The AKI estimate differs between AKIN and RIFLE; more
participants were diagnosed by the RIFLE at D5, 19.5% versus 2.4% by AKIN, and fifteen had a
discordance between these classifications. All laboratory markers showed significant changes on D5.
KIM-1 appeared a possible biomarker when considering CTCAE or AKIN classifications (p < 0.05 on
D5), but not when RIFLE classification was used (p = 0.0780). Further studies may seek to understand
the profiles of different biomarkers together.

Keywords: cisplatin; drug-related side effects and adverse reactions; acute kidney injury

1. Introduction

Almost 800,000 new cases of head and neck squamous cell carcinoma (SCC) are re-
ported annually [1]. Locally advanced disease (stages III and IV) represents the majority of
cases, with current treatment strategies for these patients consisting of high-dose cisplatin
concomitant with radiotherapy [2,3]. Despite its efficacy, cisplatin treatment is often associ-
ated with severe adverse effects, mainly as a consequence of its cytotoxic effects on healthy
tissue cells. Nephrotoxicity is of particular significance; even with the accompanied use of
diuretics and pre-hydration [4,5], nephrotoxicity is still a dose-limiting adverse effect [6].
Moreover, nephrotoxicity leads to a progressive decline in renal function in approximately
20-30% of patients [7]. Along with electrolyte disturbances and reduced renal filtration
capacity [5], acute kidney injury (AKI) [8] is one of the main clinical manifestations of
cisplatin-induced nephrotoxicity.

Thus, owing to its high prevalence and impact on treatment follow-up, it is essential
to recognize nephrotoxicity for early intervention. There are currently three proposals for
defining and classifying the severity of AKI: the Risk, Injury, Failure, Loss, and End-stage
kidney disease (RIFLE) [9] and the Acute Kidney Injury Network (AKIN) [10]; both consider
changes in serum creatinine or urinary output and the estimated glomerular filtration rate
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(eGFR). The third staging system was proposed by Kidney Disease: Improving Global
Outcomes (KDIGO) and represents the combination of RIFLE and AKIN criteria [11].

However, despite being used in such consensuses and being considered a classic
pathological biomarker of nephrotoxicity, creatinine often does not directly reflect tubu-
lar function [12,13]. Creatinine has important limitations, including its susceptibility to
interference by several physiological and pathological factors [10,14], as well as to changes
in serum or urinary values caused by changes in hydration status, without kidney dam-
age [15]. Concerningly, serum creatinine often increases only after significant loss of renal
function [16]. In 2007, kidney injury molecule-1 (KIM-1) was approved by the Food and
Drug Administration and the European Medicines Agency, along with a panel of six other
urinary proteins, as a potential biomarker for acute drug-induced nephrotoxicity [17,18].

The poor specificity and sensitivity of classic pathological biomarkers [15,19] can
ultimately lead to misinformed conclusions and late diagnoses, causing further damage.
Nephrotoxicity remains a limiting factor in cisplatin-based treatment regimens. Moreover,
timely detection of kidney injury can positively impact morbidity and mortality; therefore,
finding ways to improve the therapy of these patients is paramount. Thus, this study aimed
to compare the tools used to assess and monitor renal function in these patients.

2. Results
2.1. Participants

A total of 88 participants (n = 88) with head and neck cancer were eligible for inclusion
in this study. Of these, 7 were removed as they lacked the required samples needed to carry
out the study (Figure 1). Therefore, 81 participants were included in the study. Of these,
only 72 performed the complete donation of samples after the first cycle of chemotherapy
(two participants did not donate the D5 samples and 7 did not donate the D20 samples)
(Figure 1).

Participants were mostly male (90.1%), Caucasian (76.5%), approximately 58 years old,
with tumors located mainly in the oral cavity (38.3%) and at an advanced stage (stage IV,
75.3%). Most of them also declared a history of heavy smoking and alcoholism (76.5% and
47.5%, respectively), (Table 1).

Table 1. Demographic and clinical data of included participants (1 = 81).

Variable Participants
Age at diagnosis (mean + SD, years) 58.12 £ 7.62
Gender (1, %)
Male 73 (90.1)
Female 8(9.9)
Ethnicity (1, %)
Caucasian 62 (76.5)
Non-Caucasian 19 (23.5)
Smoking category [20,21] (1, %)
Never smoked 10 (12.3)
Light smoker 4(4.9)
Moderate smoker 5(6.2)
Heavy smoker 62 (76.5)
Drinking category [22] (1, %)
Abstainer 11 (13.6)
Light drinker 7 (8.6)
Moderate drinker 5(6.2)
Heavy drinker 21 (25.9)
Very heavy drinker 37 (45.7)

Never smoked and abstainer (1, %) 6 (7.4%)
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Table 1. Cont.

Variable Partcipants
Tumor site (n, %)
Oral cavity 31 (38.3)
Hypopharynx 9(11.1)
Hypopharynx and larynx 1(1.2)
Larynx 18 (22.2)
Oropharynx 19 (23.5)
Not assessed 3(3.7%)
Tumor stage (1, %)
I 0(0.0)
I 7(8.6)
111 12 (14.8)
v 61 (75.3)
Not assessed 1(1.2)
KPS (n, %)
100 12 (14.8)
90 51 (63.0)
80 12 (14.8)
70 5(6.2)
60 1(1.2)
Comorbidities
Hypertension 19 (23.5)
Diabetes 9 (11.1)

n, absolute number of patients; KPS, Karnofsky Performance Status; SD, standard deviation.

Participants eligible for study inclusion
(n=88)

Discontinued participants (n="7):
Incomplete donation of basal samples

Patients with primary squamous cell carcinoma of head and neck

mcluded 1n this study
(n=81)
g ™
5 days after chemotherapy (D5):

Incomplete donation of samples on D3 (n=2)
h. "y
~

20 days after chemotherapy (D20):

Incomplete donation of samples on D3 (n="T)

- J

Patients included in this study, who completed the first cycle chemoradiotherapy with
cisplatin and donated samples at all imes evaluated by this study
n=72)

Figure 1. Patients with head and neck cancer from the Clinical Oncology Department (Hospital de
Clinicas, University of Campinas, Brazil), who were included or removed from this study.
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2.2. Potentially Nephrotoxic Drugs

A total of 24 participants (29.6%) were using potentially nephrotoxic long-term medi-
cation, and some consumed more than one medication. Of these 24 participants, 12 had
some degree of nephrotoxicity. The three most commonly used drugs were losartan (n = 3),
hydrochlorothiazide (n = 3), and omeprazole (n = 3). Further details are described in
Table A1 of Appendix A.

2.3. Chemotherapy Regimen and Toxicities

Only approximately 60% of the investigated participants (n = 48) maintained the
same protocol and dose of cisplatin after the first cycle of chemotherapy. Moreover, four
participants had no information about treatment follow-up.

Of the 29 participants who had some change in chemotherapy regimen after the first
treatment cycle, 15 (51.7%) had nephrotoxicity as the reason for this change (Table 2). This
change could have been due to either reduction in the dose of cisplatin, change to another
platinum derivative, or treatment interruption. To verify whether other factors could also
influence this outcome, the demographic and clinical profile of these participants was
verified. Results showed the mean participant age was very close to the general mean
(59.9 versus 58.1, respectively), and that the most frequent Karnofsky Performance Status
(KPS) was 90% (data not shown).

Table 2. Reasons for changing treatment after the first cycle of treatment with cisplatin (n = 29).

Reasons for Changing Treatment * (n, %)
Nephrotoxicity 15 (51.7)
Myelotoxicity 1(3.4)
Gastrointestinal toxicities 5(17.2)
KPS 1(3.4)
Other 10 (34.5)

n, absolute number of patients; KPS, Karnofsky Performance Status. * Some participants had more than one
reason for changing their treatment approach.

Nephrotoxicity was considered by the medical team as the reason for changes in the
treatment protocol when estimated glomerular filtration rate (¢GFR) <60 mL/min/1.73 m?2.

The Common Terminology Criteria for Adverse Events (CTCAE) grade of renal ad-
verse reactions was one of the criteria used by the oncologists of this outpatient clinic
for follow-up and treatment related decisions. When looking specifically for the fifteen
participants who underwent a change in chemotherapy regimen after the first cycle due to
nephrotoxicity, eleven participants still had some degree of increased serum creatinine and
reduced creatinine clearance on D20. Though, when considering the AKI classifications
RIFLE or AKIN, there were seven and six participants, respectively (Table 3).
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Table 3. Profile of participants who underwent changes in chemotherapy regimen after the first cycle due to nephrotoxicity (n = 15).

Fifth Day after Chemotherapy (D5) (1, %) Twentieth Day after Chemotherapy (D20) (1, %)
CTCAE—Reduced CTCAE—Reduced
CTCAE—Increased Creatinine RIFLE AKI CTCAE—Increased Creatinine RIFLE AKIN
Serum Creatinine Serum Creatinine M w
(1 = 15) Clearance (n=15) (n=15) (=137 Clearance (n=13%) (n=13%)
(n=15) (n=13%)
Gradel 7(46.7) Gradel 1(67) R 7 (46.7) 1 11(733) Gradel 3(233) Gradel 3(23.3) R 4(30.8) 1 7 (53.8)
Grade 2 5(33.3) Grade2 10 (66.7) I 5(33.3) 2 0 (0.0 Grade 2 8 (61.5) Grade 2 8 (61.5) I 2 (15.4) 2 0 (0.0
Grade 3 2(13.3) Grade 3 1(6.7) F 2(13.3) 3 2(13.3) Grade 3 0 (0.0 Grade 3 0 (0.0 F 0 (0.0 3 0 (0.0
Grade 4 0(0.0) Grade 4 2 (13.3) L 0(0.0) Grade 4 0(0.0) Grade 4 0(0.0) L 0(0.0)
E 0 (0.0) Changes not E 0 (0.0) Changes not
Changes not Changes not Changes not considered Changes not Changes not Changes not considered
considered considered considered relevant **: considered considered considered relevant **:
relevant **: relevant **: relevant **: 2(13.3) relevant **: relevant **: relevant **: 6 (46.2)
1(6.7) 1(6.7) 1(6.7) 2 (15.4) 2 (15.4) 7 (53.8)

AKI, acute kidney injury; AKIN, Acute Kidney Injury Network; E, end-stage kidney disease; F, failure; I, injury; 1, absolute number of patients; R, risk; RIFLE, Risk, Injury, Failure, Loss,
and End-stage kidney disease. * In D20, n = 13 because 2 of these 15 participants did not collect samples on D20. ** Participants who may had some change, but not enough to be
classified by this criterion.
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2.4. Biomarkers Assessment AKI Assessment
2.4.1. Serum Creatinine, Creatinine Clearance, Urea, Sodium, Potassium, Magnesium
and Calcium

A significant change was observed in all nephrotoxicity traditional biomarkers evalu-
ated in this study (serum creatinine, creatinine clearance, urea, sodium, potassium, magne-
sium, and calcium) (Table 4). This change was more significant after the first five days of
treatment; however, after twenty days, most of these biomarkers had results close to those
seen before the start of treatment. This can be expected as this was the time-point these
patients were evaluated regarding their follow-up to the second treatment cycle.

Table 4. Renal laboratory markers before, five and twenty days after the first cycle of chemotherapy
with cisplatin.

Renal Laboratory Markers (Mean + SD) Baseline D5 D20 p-Value *
Serum creatinine (mg/dL) (n = 70) 0.8+0.2 1.3+0.9 09103 <0.0001
Creatinine clearance ** (mL/min) (1 = 70) 87.4 + 25.5 63.3 +23.2 77.8 £ 26.5 <0.0001
Urea (mg/dL) (n = 68) 299 £11.9 53.1+217 34.0+104 <0.0001
Sodium (mEq/L) (n = 59) 136.6 £ 3.2 1319 £ 3.6 135.0 £ 4.3 <0.0001
Potassium (mEq/L) (n = 59) 45+05 43+£07 46+0.5 <0.001
Magnesium (mEq/L) (n = 44) 1.7+0.2 17+0.2 1.5+03 <0.0001
Calcium (mg/dL) (n = 58) 9.7+0.8 93+0.8 91+0.7 <0.0001

D5, 5th day after the first cycle of cisplatin chemotherapy; D20, 20th day after the first cycle of cisplatin chemother-
apy; 1, absolute number of patients. * Friedman test. ** Estimated by Cockroft-Gault equation.

2.4.2. eGFR Determination

Almost 90% of participants had a decreased eGFR on D5 following the first treatment
cycle compared to their baseline values, regardless of whether the estimation equation
was used. Despite some slight signs of recovery, on D20, about 70% still had decreased
eGFR (Table 5). The mean eGFR remained above 60 mL/min/1.73 m?; therefore, it was not
considered a clinically significant reduction for all participants (Table 6).

Table 5. Changes in eGFR calculated according to three different equations (Cockroft-Gault, Modifi-
cation of Diet in Renal Disease, and Chronic Kidney Disease Epidemiology Collaboration).

D5 (n=79) D20 (n =72)
Changes in eGFR eGFR-CG eGFR-MDRD eGFR-CKD-EPI eGFR-CG eGFR-MDRD eGFR-CKD-EPI
(n, %) (n, %) (n, %) (n, %) (n, %) (n, %)
Mea'n +5D 5 63.27 + 25.0 79.6 £ 33.6 759 £29.2 77.6 £ 34.0 101.0 £+ 46.0 92.1 £354
(mL/min/1.73 m*?)
Reduced eGFR * 71 (89.9) 70 (88.6) 70 (88.6) 55 (76.4) 50 (69.4) 49 (68.0)
Unchanged eGFR * 1(1.2) 0 0 0 1(1.4) 1(14)
Increased eGFR * 7 (8.9) 9 (11.4) 9 (11.4) 17 (23.6) 21 (29.2) 22 (30.5)
p-value ** >0.9999 0.8889

CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; CG, Cockroft-Gault; D5, 5th day after the
first cycle of cisplatin chemotherapy; D20, twentieth day after the first cycle of cisplatin chemotherapy; eGFR,
estimated glomerular filtration rate; MDRD, Modification of Diet in Renal Disease; 11, absolute number of patients.
* Comparison with respective baseline values. ** Friedman test.

The variations between the estimates obtained by the different equations were not
statistically considered at either of the two time-points.

2.4.3. Kidney Injury Molecule-1 (KIM-1)

The total group of participants was subdivided into those who had any degree of
renal impairment (according to the AKIN or RIFLE classifications for AKI, or according
to CTCAE for increased serum creatinine), and those who did not. When comparing the
plasma KIM-1 values on D5 between the two groups, it is possible to verify whether there
was a statistically significant difference between the two groups using the CTCAE or AKIN
classification (p > 0.05, in both cases) (Table 7).
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Table 6. eGFR calculated according to three different equations (Cockroft-Gault, Modification of
Diet in Renal Disease, and Chronic Kidney Disease Epidemiology Collaboration) at at baseline, D5
and D20.

eGFR Baseline D5 D20
(Mean + SD)

(mL/min/1.73 m?) (n = 81) (n=79) (n=72)
eGFR-CG 83.37 £ 25.5 63.27 + 25.0 77.6 = 34.0
eGFR-MDRD 112.7 + 30.4 79.6 £+ 33.6 101.0 = 46.0
eGFR-CKD-EPI 99.0 +17.9 75.9 £29.2 92.1 +35.4

CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; CG, Cockroft-Gault; D5, 5th day after the first
cycle of cisplatin chemotherapy; D20, twentieth day after the first cycle of cisplatin chemotherapy; eGFR, estimated
glomerular filtration rate; MDRD, Modification of Diet in Renal Disease; 1, absolute number of patients; SD,
standard deviation.

Table 7. Plasma KIM-1 before and five days after the first cycle of treatment with cisplatin (mean +
standard deviation), according to the division between who had any degree of renal impairment and
those who did not.

Plasma KIM-1 (pg/mL)

CTCAE-Increased Serum Creatinine

Baseline D5
Grade 0 Grade >1 lue * Grade 0 Grade > 1 lue *
(n = 38) (1 =29) p-vatue (1 = 38) (n = 29) p-vatue
507.5 4+ 1335.0 426.1 +934.6 0.1583 361.8 +777.1 598.6 + 704.6 <0.05
RIFLE
Baseline D5
Grade 0 GradeR,I,E L or . Grade 0 GradeR, L E L or .
(1 = 57) E p-value (1 = 57) E p-value
(n=34) (n=34)
508.8 4+ 1272.9 619.3 + 1451.5 0.3276 401.0 & 719.2 681.0 = 987.3 0.0780
AKIN
Baseline D5
Grade 0 Grade > 1 lue * Grade 0 Grade > 1 lue *
(n = 38) (n=3) p-vatue (n = 38) (n=3) p-vatue
509.5 £ 1354.3 453.3 £ 688.3 0.6847 366.6 = 755.6 1679.0 + 933.2 <0.05

AKIN, Acute Kidney Injury Network; CTCAE, Common Terminology Criteria for Adverse Events (assessment
according to increase in serum creatinine); D5, 5th day after the first cycle of cisplatin chemotherapy; KIM-1,
Kidney Injury Molecule-1; 1, absolute number of patients; RIFLE, Risk, Injury, Failure, Loss, and End-stage kidney
disease; * Mann-Whitney U test.

Participants were divided into those who consumed some other potentially nephro-
toxic drug (n = 24) or those who did not (1 = 49). There was a statistically significant differ-
ence between their KIM-1 values five days after treatment (p < 0.05, Mann—Whitney test).

Table 8 divides the same participants as shown in Table 7, this time according to their
KIM-1 values. In this case, it was also possible to verify that the participants who presented
the most severe grades of AKI/renal adverse events on D5 were all among the 25% (n = 17)
of patients with a higher plasma KIM-1 values (absolute values > 13.3 pg/mL). However,
among these 17 participants, 6 (35.3%) were still classified as grade 0 according to CTCAE
or AKIN, and 4 (23.5%) were classified as grade 0 according to the RIFLE classification.
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Table 8. Frequency of CTCAE (for increased serum creatinine, RIFLE and AKIN grades according to
their plasma KIM-1 values five days after chemotherapy) (n = 68).

Plasma KIM-1
Fifth Day after Chemotherapy (D5)

CTCAE-Increased serum creatinine (D5) (1, %)

Grade 0
Grade 1
Grade 2
Grade 3
Not assessed
RIFLE (D5) (1, %)
AKI not determined
by this criterion
Risk (R)
Injury (I)
Failure (F)
Not assessed
AKIN (D5) (1, %)
AKI not determined
by this criterion
Grade 1
Grade 3
Not assessed

0-119.0 pg/mL 119.1-204.4 pg/mL 204.5-413.2 pg/mL >413.3 pg/mL
(n =17, 25%) (n =17, 25%) (n =17, 25%) (n =17, 25%)
11 (64,7) 12 (70.6) 9(52.9) 6(35.3)
4(23.5) 3(17.6) 5(29.4) 7 (41.2)
1(5.9) 2(11.8) 3 (17.6) 1(5.9)
0(0.0) 0(0.0) 0(0.0) 3 (17.6)
1(5.9) 0(0.0) 0(0.0) 0(0.0)
9(52.9) 11 (64,7) 9(52.9) 4 (23.5)

6 (35.3) 4(23.5) 5(29.4) 9 (52.9)
1(5.9) 2(11.8) 3 (17.6) 1(5.9)
0(0.0) 0(0.0) 0(0.0) 3(17.6)
1(5.9) 0(0.0) 0(0.0) 0(0.0)

10 (58.8) 12 (70.6) 10 (58.8) 6(35.3)

6 (35.3) 5(29.4) 7 (41.2) 8(47.1)
0(0.0) 0(0.0) 0(0.0) 3(17.6)
1(5.9) 0(0.0) 0(0.0) 0(0.0)

AKI, acute kidney injury; AKIN, Acute Kidney Injury Network; CTCAE, Common Terminology Criteria for
Adverse Events (assessment according to increase in serum creatinine); D5, 5th day after the first cycle of cisplatin
chemotherapy; KIM-1, Kidney Injury Molecule-1; 1, absolute number of patients; RIFLE, Risk, Injury, Failure,
Loss, and End-stage kidney disease.

2.5. Nephrotoxicity Assessment
2.5.1. CTCAE

Table 9 presents the highest degree of renal adverse event severity determined during
the first chemotherapy cycle, according to the CTCAE. The majority of participants who
presented with such adverse events had a lower level of severity (prevalence of grade 1),
except for those with a reduction in creatinine clearance (predominant grade of 2).

Table 9. Most severe degree of renal adverse events presented during the first cycle of chemotherapy
with cisplatin according to CTCAE (version 4.03).

Severity-CTCAE

Renal Adverse Events (1, %) Grade 1 Grade 2 Grade 3 Grade 4

Increased serum creatinine (n = 79) 21 (26.6) 8 (10.1) 3(3.8) 0(0.0)
Reduced creatinine clearance (1 = 81) 28 (34.6) 31(38.3) 2 (2.5) 2 (2.5)
Hyponatremia (n = 81) 42 (51.9) - 16 (19.8) 2 (2.5)
Hypokalemia (n = 81) 4(4.9) 0(0.0) 0(0.0) 0(0.0)
Hypomagnesemia (1 = 76) 15 (19.7) 2 (2.6) 0(0.0) 0 (0.0)
Hypocalcemia (1 = 80) 16 (20.0) 3(3.8) 0(0.0) 0 (0.0)

n, absolute number of patients.

2.5.2. RIFLE, AKIN and KDIGO

On D5, according to the RIFLE classification, 40 participants (50.6%) were diagnosed
with some stage of AKI, whereas the AKIN classification determined 33 participants (41.8%).
On D20, these numbers were lower: according to the RIFLE and AKIN classifications, 12
(16.7%) and 9 (12.5%) participants were diagnosed with some stage of AKI, respectively
(Table 10). At the same time, 15 participants had some difference between RIFLE and AKIN
classifications (meaning only one of these two criteria was able to identify the participant’s
AKI stage). In the first treatment cycle, only 32 participants (58.2%) had no degree of AKI.
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Table 10. AKI stage on the fifth and twentieth days after the first cycle of chemotherapy with cisplatin, according to the AKIN and RIFLE classifications.

Fifth Day after Chemotherapy (D5) (1, %)

Twentieth Day after Chemotherapy (D20) (1, %)

RIFLE AKIN Comparison between RIFLE and AKIN RIFLE AKIN Comparison between RIFLE and AKIN
(n=179) (n=79) (n=41) (n=72) n=72) (n=15)
R 29 (36.7) 1 30 (38.0) Participants diagnosed with 32 (78.1) R 10 (13.9) 1 9 (12.5) Participants diagnosed with 6 (40.0)
I 8 (10.1) 2 0 (0.0) AKI by both classifications ’ I 2 (2.8) 2 0 (0.0) AKI by both classifications ’
F 3(3.8) 3 3(3.8) Participants diagnosed with 8 (19.5) F 0(0.0) 3 0 (0.0) Participants diagnosed with 6 (40.0)
L 0(0.0) NA 46 (58.2) AKI only by RIFLE ’ L 0(0.0) NA 63 (87.5) AKI only by RIFLE ’
E 0(0.0) Participants diagnosed with 1(24) E 0(0.0) Participants diagnosed with 3 (20.0)
NA 39 (49.4) AKI only by AKIN ’ NA 60 (83.4) AKI only by AKIN ’

AKI, acute kidney injury; AKIN, Acute Kidney Injury Network; E, end-stage kidney disease; F, failure; I, injury; n, absolute number of patients; NA, AKI was not determined by this
criterion; R, risk; RIFLE, Risk, Injury, Failure, Loss, and End-stage kidney disease. The equation used to estimate GFR in the AKI classifications adopted in this study was GC. This
decision took into account that for the application of MDRD, it is necessary to have information about the patient’s race and, in the Brazilian context, this can be a limiting factor.
Furthermore, as the Oncology Department (to which the participants of this study were associated) used the GC equation for therapeutic follow-up and decision-making, the same
equation was adopted for the AKI classification. Note: The total number of participants who had some disagreement between the RIFLE and AKIN classifications in both periods (i.e., in
D5 and D20) is fifteen participants because not all nine participants who had divergence in the D5 classifications are the same nine who had divergence in D20 (some participants are the

same and others are not, totaling fifteen in both times).
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Number of participants

80

60

40

20

0

The AKI classification of these participants was also verified according to the KDIGO
guideline; since this system represents the combination of RIFLE and AKIN criteria, the
data of KDIGO classification is presented in Table A2 of Appendix A. Although the KDIGO
staging system represents the combination of RIFLE and AKIN criteria, in this study, the
KDIGO system identified fewer patients with AKI than either of the other two classifications
(Appendix A, Table Al).

The renal laboratory markers evaluated showed statistically significant changes on
the D5. This was unlike those observed in the AKI classification, in which, on D20, most
participants had results close to those found in the baseline period. During this period, the
most serious renal adverse reactions were increased serum creatinine, reduced creatinine
clearance, and hyponatremia (Table 7).

A comparison of the potential of the evaluated biomarkers (serum creatinine and
creatinine clearance according to CTCAE) and of the adopted AKI classifications (RIFLE
and AKIN) was made to detect changes in kidney function or damage by cisplatin on
D5 (Figure 2). As there are still no established reference values for KIM-1, this was not
considered in this case.

Detection of changes in kidney function/damage on D5 and D20

Five days after chemotherapy (D3) | Twenty days after chemotherapy (D20)
60 63
55
47 46
39 4 37 37
12 33 35 35
24
i 9
I I I I I I I I I l

Increased sCr Reduced CrCl RIFLE AKIN Increased sCr Reduced CrCl RIFLE AKIN
{CTCAE) (CTCAE) {(n=79) n="19) (CTCAE) (CTCAE) (n=72) (n=72)

(n=179) {n=81) (n=72) (n=72)

Participants without nephrotoxicity determined

mmm  Participants with nephrotoxicity determined

Figure 2. Comparison of the potential of renal biomarkers (serum creatinine and creatinine clear-
ance according to CTCAE) and AKI classifications (RIFLE, AKIN) in identifying altered renal func-
tion/damage on D5 in patients treated with cisplatin. Participants who did not have any of the
marker values in question were disregarded in this evaluation. D5, 5th day from the first cycle of
chemotherapy with cisplatin; sCr, serum creatinine; CrCl, creatinine clearance.

For serum creatinine, those who had a CTCAE grade for serum creatinine increase
of <1 were considered as altered; for creatinine clearance, estimated by Cockroft-Gault,
those who had a CTCAE grade for creatinine clearance decrease of <1 were considered as
altered; for the RIFLE classification, those who had grade <R were considered as altered;
for the AKIN classification, those with grade <1 were considered as altered. For all cases,
participants who had baseline values higher than those found on D5 were not considered
to have renal impairment by the parameter.

3. Discussion

To the best of our knowledge, this is the first study to investigate the differences
between the main proposals for renal evaluation and follow-up in patients with head and
neck cancer treated with cisplatin. Nephrotoxicity is the most burdensome adverse effect
of cisplatin, affecting 25% to 35% of patients with treatment-limiting consequences [23].
Despite extensive research in recent years to mitigate the cytotoxic effects of cisplatin on
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renal tissue, little progress has been made to date [24,25]. Therefore, new studies that
evaluate the best method for timely detection of AKI associated with cisplatin use and
preventive strategies are of great relevance.

First of all, it is interesting to note that although cisplatin is also used in the treatment
of other solid neoplasms, this research had a special focus on patients with head and neck
cancer due to some peculiarities of this patient profile that makes them more susceptible to
AKT: (1) Patients with head and neck cancer are usually diagnosed with locally advanced
disease: this often implies the need to use a nasogastric tube as support to avoid secondary
nutritional deficiencies [26]. Malnutrition can either be a consequence of the tumor location
itself (which sometimes makes swallowing difficult) or of radiotherapy toxicity (which can
cause dysphagia, xerostomia, and mucositis) [27]. In addition, because of the difficulty
in swallowing, they usually present a significant weight loss throughout the treatment,
directly impacting the estimated glomerular filtration rate; (2) These patients are commonly
at advanced ages at diagnosis: in addition to being itself a risk factor for AKI [28], advanced
age is often associated with a higher incidence of comorbidities (such as hypertension and
diabetes) that are known to also contribute to kidney damage [29]. As an aggravating
factor, some participants were exposed to further drugs with the potential to impair kid-
ney function due to these comorbidities. The consumption of two or more nephrotoxic
co-medications is known to be one of the risk factors associated with cisplatin-induced
AKI [8,30]. In that regard, it was found that 12 of the 24 participants who used some other
potentially nephrotoxic drug had some degree of nephrotoxicity. Given this concomitant
use, it is unlikely to clearly determine the individual contribution of each agent to the
development of AKI; however, the serum creatinine and creatinine clearance profiles of
these 12 participants before the use of cisplatin showed that only one participant already
had abnormal values. Therefore, it is possible to infer that for the other 11 patients, the
nephrotoxicity outcome was mainly caused by possible drug interactions between cisplatin
and other drugs.

With regard to strategies to prevent nephrotoxicity, the use of hydration during
chemotherapy is one of the most recommended ones [31], usually reducing the incidence of
severe kidney damage. Therefore, in this study, among those who had renal adverse events
after treatment, there was a prevalence of grade 1 for increased serum creatinine (mean
increase of 60% compared to baseline), and of grade 2 for a reduction in creatinine clearance
(mean decrease of 26% compared to baseline) according to CTCAE. This frequency of ad-
verse reactions is similar to those verified in the study by Visacri et al., whose patients also
had head and neck cancer and underwent the same treatment protocol [32]. However, even
some participants who appeared to have only mild degrees of acute nephrotoxicity did
not recover adequately and worsened in the following days, requiring a protocol change
for the next treatment cycle. Therefore, even the mildest cases of renal adverse reactions
should be followed with caution.

A state of acute nephrotoxicity was also indicated, on the fifth day after treatment, by
marked and significant changes in laboratory markers. This acute behavior, considered
to be relatively expected in patients treated with cisplatin [33], was only recovered in
25 participants (34.7% of the 72 participants for whom data were available on D20). The
remaining 47, when compared to their respective baseline data, still had abnormal values of
serum creatinine and/or creatinine clearance after 20 days of chemotherapy with cisplatin.

Another expected manifestation of tubular damage caused by cisplatin is serum elec-
trolytic alterations [23,33]. In this study, the most frequent disturbance was hyponatremia,
followed by hypocalcemia and hypomagnesemia. Although hyponatremia is rarely re-
ported, hypomagnesemia is recognized as one of the most common clinical presentations
in cisplatin-induced nephrotoxicity, with a prevalence of 40% or more [34,35].

Tubular dysfunction after cisplatin exposure may also lead to AKI. As more severe
stages of AKI have already been shown to be associated with increased mortality [36,37],
staging is essential for prompt management. In addition, it is equally important to choose
the most appropriate eGFR equation for this population; however, since most of the
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equations commonly used in adults were derived in the steady state, they are less accurate
in non-stationary cases, such as AKI [38]. Furthermore, a second difficulty when using the
AKIN or RIFLE classifications, as pointed out by the authors of [10], is the use of urinary
output as one of its parameters. Despite having a faster response in the face of changes in
GEFR [11], these data are hardly evident outside of inpatient regimens.

Since the AKIN consensus was developed from the RIFLE classification with the aim
of identifying previously undiagnosed patients with minor changes in serum creatinine, it
could be expected that more participants would be detected according to this new criterion.
However, in this study, more participants were diagnosed with AKI according to the
RIFLE consensus (Table 7). This likely occurred because in addition to considering serum
creatinine and urinary output, RIFLE also considers the decrease in GFR [9] (the latter
parameter is not considered by the AKIN) [10]. While some participants showed an increase
in serum creatinine, this was not significant according to the criteria established by AKIN.
However, the large weight loss experienced by these patients is also reflected in the eGFR;
therefore, this seems to be a more adequate care and management option for these patients.

The lack of consensus on which of these two staging definitions should be adopted
compromises the estimates of the incidence and prevalence of AKI, as well as their compar-
ison between different studies. Despite this divergence between classifications, all fifteen
patients who underwent changes in the chemotherapy regimen after the first cycle (due
to nephrotoxicity) were classified with some degree of AKI/renal adverse reaction sever-
ity by one of the three classifications considered. Therefore, for the best management of
these patients, the Kidney Disease: Improving Global Outcomes (KDIGO) clinical practice
guidelines recommend that for AKI diagnosis, the RIFLE and AKIN criteria should be used
concomitantly, classifying the patient according to the criterion that gives a more serious
stage [11].

Even if this strategy is adopted, it should be noted that both the AKIN and RIFLE
consensuses have intrinsic limitations. Firstly, being mainly based on serum creatinine may
lead to mistaken conclusions or late detection of kidney damage. A proposal for better
stratification of patients with AKI, as pointed out by the report of the 10th Acute Dialysis
Quality Initiative conference, is the combined use of markers that assess renal function
(such as serum creatinine), and those that reflect renal damage (such as KIM-1) [39]. This
would allow the diagnosis even when one remains unaltered, allowing a more accurate
determination of the AKI etiology [39]. As cisplatin is known to cause tubular damage,
and considering the specificity of KIM-1 for this type of lesion [40], it was decided to
evaluate the KIM-1 expression in these participants. Some patients already had slightly high
concentrations even before starting treatment. In addition, the mean baseline KIM-1 was
about eight times higher than that found in a study of healthy volunteers (465.3 in this study
versus 64.4 in healthy volunteers [41]). This may be a reflection of unidentified subclinical
kidney injury or asymptomatic chronic kidney disease; moreover, the participants in
the present study had other comorbidities that are known to also affect kidney function.
These included hypertension (23.5% of total participants), and diabetes (11.1% of total
participants), in addition to being of advanced age.

Clearly, it is still too premature to draw any conclusions; though, when comparing
KIM-1 expression between participants who did not have any degree of nephrotoxicity
and those who had, according to the CTCAE or AKIN, KIM-1 was identified as a potential
biomarker of kidney damage in patients treated with cisplatin (p < 0.05, in both cases
on D5). However, when the classification adopted was RIFLE, the KIM-1 values were
not significant enough to distinguish between those with AKI and those without AKI
(p = 0.0780). The same was observed in a study by Pavkovic et al. [40], who evaluated the
expression of KIM-1 in a longitudinal cohort of 108 patients with malignant mesothelioma
receiving cisplatin intraoperative therapy. They showed that the biomarker was altered
after treatment but was not able to differentiate between the two groups of patients [40].

An interesting observation was made in the present work when separating participants
who consumed other potentially nephrotoxic drugs from those who did not. In this case,
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there was a statistically significant difference in plasma KIM-1 expression before and after
treatment in the group that did not report consuming other potentially nephrotoxic drugs
(p < 0.05) (Appendix A, Table A1).

It is worth noting that some of the other studies that showed favorable results for
KIM-1 opted to use urine samples [42,43], mainly owing to the minimally invasive sam-
ple collection and their good correspondence with renal alterations. Conversely, in this
study, plasma samples were used. The main reason for this is that urinary biomarker
normalization by urinary creatinine excretion remains controversial, as suggested by most
current studies [44,45]. Changes in the rate of creatinine excretion caused by changes in
glomerular filtration or tubular secretion could result in misleading conclusions regarding
the marker [44,45]. In these cases, the method considered the gold standard to measure the
current GFR is based on determining the clearance of the exogenous filtration marker in-
ulin [38]. In addition to greater precision, the advantage of using this marker as a reference
in clinical research is the possibility of identifying patients with suspected AKI, even when
the serum creatinine concentration remains within the normal range [16,46]. However, in
clinical practice, the use of these exogenous markers is expensive, impractical, invasive,
and time-consuming [47]. For this reason, we chose to use plasma-derived KIM-1 samples.
These can be obtained even in anuric patients and contain a reduced number of interfering
proteins [48]. Nevertheless, studies comparing KIM-1 detection and expression profiles in
these two types of samples are needed.

Furthermore, the standard deviation found in the KIM-1 test was high in all groups.
Regardless of the reason, it should be noted that this high variability has a negative impact
on the sensitivity and specificity of the KIM-1 test [48].

Although we presented, for the first time, the differences between the main proposals
for renal evaluation in patients with head and neck cancer treated with cisplatin, our work
has some limitations. Since it was not possible to assess inulin clearance (considered the
gold standard), it was not possible to determine how close or far from this marker the
KIM-1 performance was in patients treated with cisplatin.

Future Perspectives

Even many years after its discovery as a drug, little is known about the long-term
consequences of cisplatin treatment [8]. Among other reasons, this occurs mainly due to a
large number of participants not proceeding to the second course of cisplatin [49]. This was
also observed in this study, mainly due to renal impairment. Furthermore, considering the
specific case of patients with head and neck cancer, as many are diagnosed in the advanced
stages of the disease, the survival rate is usually not high [50], making follow-up difficult
in most cases.

Equally relevant is the question regarding the time of KIM-1 samples collection. A
deeper understanding of the pathophysiological role of proteins is needed to establish
the correct timing for quantification, aiming to determine whether it would work better
as a predictor biomarker or as a diagnostic biomarker. Therefore, although KIM-1 may
have surpassed the sensitivity of traditional biomarkers in previous studies [40,51], there
is still a long way to go before it can be clinically implemented as a specific indicator of
cisplatin-induced AKI.

Finally, despite its important limitations, creatinine continues to be frequently used to
estimate GFR owing to the wide availability of assays for its detection, which are generally
easy to conduct and at a low cost. Therefore, to enable its use in clinical practice, improving
and making the detection techniques of KIM-1 cheaper is as important as establishing its
reference values which are not yet defined. The best way to monitor the renal function
of these participants before, during, and after cisplatin therapy is still unknown, but it is
hoped that the present study will contribute to building this knowledge.
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4. Materials and Methods
4.1. Study Design and Ethical Considerations

This was a retrospective, cohort study. This study was reported in accordance with
the STROBE Statement and Checklist for Cohort Studies available from the STROBE
website (https:/ /www.strobe-statement.org/, accessed on 26 September 2022). The study
was conducted in accordance with the Declaration of Helsinki and was approved by the
Ethics Committee of the University of Campinas (protocol code: 65397517.7.0000.5404,
8 February 2021).

4.2. Setting and Participants

This study was conducted in the Clinical Oncology Department of the Hospital de
Clinicas, University of Campinas (HC-UNICAMP), a large tertiary teaching hospital in
Campinas, Brazil.

Patients were selected by consecutive non-probabilistic sampling during the period
from May 2017 to December 2018. Patients were included in the study if they were between
18 and 80 years old, diagnosed with primary SCC of the head and neck, had creatinine
clearance > 60 mL/min/1.73 m?, performed the first cycle of cisplatin chemotherapy
concomitantly with conventional radiotherapy, and agreed to participate. Participants who
did not provide the necessary sample for the study were excluded.

Although this study only considered the first cycle of treatment, the complete protocol
consisted of three cycles of chemotherapy with cisplatin (doses ranged from 80 to 100 mg/m?)
every 21 days. Concurrently, patients received a total dose of 70 Gy of radiation therapy di-
vided into 35 daily applications of 2 Gy administered 5 days/week for 7 weeks. On the day
of chemotherapy, as part of the protocol for the prevention of adverse reactions, the patients
also received vigorous hydration, diuresis, and prophylaxis for acute emesis. For treatment
and prevention of delayed emesis, patients received 10 mg of metoclopramide every 6 h and
8 mg dexamethasone every 12 h for three consecutive days after the chemotherapy sessions.

4.3. Data Collection

Demographics (age at diagnosis, sex, and ethnicity) and clinical data (smoking [20,21],
alcoholism history [22], tumor location, stage, and evaluation according to the KPS [52])
were collected. Long-term medications (used for more than one month) were also investi-
gated to assess whether the AKI of these participants was also influenced by consumption
of other potentially nephrotoxic agents [30,53].

All information was collected from the patients’ own report records during individual
face-to-face interviews or through clinical history in electronic medical records.

4.4. Kidney Assessment

Cisplatin-induced nephrotoxicity was assessed using serum creatinine, estimated crea-
tinine clearance (determined by the Cockroft-Gault equation), urea, sodium, magnesium,
calcium, and potassium. Baseline values were compared to values at 5 and 20 days after
the first cycle of cisplatin administration (D5 and D20, respectively), and the severity of
toxicities was classified according to the CTCAE (version 4.03) [54]. AKI was classified
according to RIFLE [9], AKIN [10] and KDIGO [11] criteria. The eGFR was calculated and
compared using the Cockroft-Gault [55], Modification of Diet in Renal Disease [56], and
Chronic Kidney Disease Epidemiology Collaboration [57] equations. The Cockroft-Gault
equation was adopted for RIFLE and AKIN classifications.

KIM-1 was detected in plasma samples collected before treatment and on D5, using
the Human TIM-1 ELISA Kit (ThermoFisher, Waltham, MA, USA), following the manufac-
turer’s instructions.

4.5. Statistical Analysis

For the analysis of clinical, demographic, and adverse reaction data, absolute frequen-
cies/percentages, and measures of position (mean) and dispersion (standard deviation)
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are presented. Nephrotoxicity markers were compared at baseline, D5, and D20 using
Friedman'’s test. The Wilcoxon test was used to compare KIM-1 levels at baseline and D5.
Data normality was tested using the Shapiro-Wilk test. The significance level adopted for
all analyses was set at 5% (p < 0.05). All statistical analyses were performed using GraphPad
Prism v.9.1.0 software. for Windows (GraphPad Software, Inc., San Diego, CA, USA).

5. Conclusions

The high incidence of patients with cisplatin nephrotoxicity reinforces the need for a
more complete renal evaluation of these patients before, during, and after therapy. More
participants were diagnosed with AKI according to the RIFLE consensus. KIM-1 was
identified as a possible biomarker of kidney damage in patients treated with cisplatin
when comparing its expression between participants who did not have any degree of
nephrotoxicity and those who had, according to the CTCAE or AKIN, but not when RIFLE
was adopted. It is still necessary to understand the profiles of different biomarkers together
instead of just one or two isolated candidates.
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Appendix A

Table A1. Continuous use medications consumed (absolute frequency and relative frequency) and
profile of these participants (1 = 24).

Continuous Use Participants Profile

n (0/0)

Medications (1 = 24) Variables n (%)

Cardiovascular Age at diagnosis

agents/Diuretics (mean + SD, years) 60.9 63
Captopril 2(8.0) Gender (1, %)

Enalapril 2 (8.0) Male 16 (66.7)
Hydrochlorothiazide 4(16.0) Female 8 (33.3)
Losartan or valsartan 7 (28.0) Ethnicity (1, %)

Simvastatin 2 (8.0) Caucasian 19 (79.2)

Analgesic Non-Caucasian 5(20.8)
Ibuprofen 1 (4.0) CTCAE (n = 23) (n, %)

Benzodiazepines Grade 0 12 (52.2)
Clonazepam 2 (8.0) Grade > 1 11 (47.8)
Diazepam 2 (8.0) RIFLE-D5 (n = 23) (n, %)

Proton pump inhibitor Grade 0 10 (43.5)
Omeprazole 2 (8.0) GradeR,LLF L,orE 13 (56.5)

Others AKIN-D5 (n = 23) (n, %)

Phenytoin 2 (8.0) Grade 0 12 (52.2)
Ranitidine 1(4.0) Grade > 1 11 (47.8)

AKIN, Acute Kidney Injury Network; CTCAE, Common Terminology Criteria for Adverse Events; D5, 5th day
from the first cycle of chemotherapy with cisplatin; 1, absolute number of patients. RIFLE, Risk, Injury, Failure,
Loss, and End-stage kidney disease; SD, standard deviation. Note: For CTCAE, the criterion adopted was the
degree of increase in the serum creatinine level.

Table A2. AKI stage on the fifth and twentieth days after the first cycle of chemotherapy with
cisplatin, according to the KDIGO guideline.

KDIGO
Fifth Day after Twentieth Day after
Chemotherapy (D5) (n =79)  Chemotherapy (D20) (n = 72)
(nr 0/0) (nr 0/0)
Grade 1 27 (34.2) 9(12.5)
Grade 2 - -
Grade 3 7 (8.9) -
AKI was not determined by 45 (57.0) 63 (87.5)

this criterion
AKI, acute kidney injury; KDIGO, Kidney Disease: Improving Global Outcomes; 1, absolute number of patients.
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