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Abstract

Objectives: Nephrotoxicity is a major and dose-limiting side effect of cisplatin chemotherapy. There are conflicting
reports in the literature regarding the possible benefit of N-acetylcysteine (NAC) for the prevention of cisplatin-induced
nephrotoxicity (CINT). The purpose of this study was to determine the incidence of cisplatin-induced nephrotoxicity in
our population and to evaluate the impact of NAC on the development of CINT.

Methods: This was a single-centre, two-arm, parallel, open-label randomized controlled trial conducted at the Medical
Oncology Department of Fauji Foundation Hospital, Pakistan. Female patients with adequate baseline renal function
who were scheduled to receive cisplatin-based chemotherapy were recruited for the trial. Those in the intervention
(NAC) arm (n=35), in addition to the standard intravenous hydration protocol, received oral N-acetylcysteine 1200 mg
starting 1 day before chemotherapy until 5 days after the chemotherapy infusion. Patients in the control arm (n=35)
only received standard intravenous hydration. This protocol was followed for four consecutive cycles of cisplatin. Serum
creatinine and blood urea nitrogen were serially measured. Creatinine clearance or estimated glomerular filtration rate
(eGFR) was calculated by the CKD-EPI formula. Cisplatin-induced nephrotoxicity was defined as >25% decrease in eGFR
from baseline value.

Results: Baseline characteristics were comparable between both arms. Out of 70 patients, 25 (35.71%) developed cis-
platin-induced nephrotoxicity. 11 of 35 patients (31.43%) in the NAC arm and 14 of 35 patients (40%) in the control arm
developed cisplatin-induced nephrotoxicity at the end of 4 cycles of cisplatin chemotherapy (p-value=0.51). A com-
parison of both groups across 4 chemotherapy cycles was done, and the increase in serum creatinine and subsequent
decline in the patient’s eGFR was found to be less pronounced in the NAC arm. Nevertheless, the difference between
both arms was found to be statistically insignificant.

Conclusion: Oral N-acetylcysteine in a dose of 1200 mg/day when given in addition to the standard hydration protocol
does not appear to have any significant beneficial role in the prevention of cisplatin-induced nephrotoxicity. Studies
on an inclusive population set and with a longer follow-up are suggested to determine if NAC has any substantial long-
term effect on cisplatin-induced renal toxicity.
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Cisplatin is a highly effective and potent agent with broad
utility against various solid cancers, both as a single
agent and in combination with other chemotherapeutic
agents or immunotherapy.™ Its widespread use is limited by
nephrotoxicity, which is a cumulative and relatively common
adverse effect.”? Cisplatin tends to preferentially accumulate
in kidneys, where it causes structural and functional dam-
age to nephrons.®! Though there is a paucity of local data on
the subject, international studies show that up to one-third
of cancer patients receiving cisplatin develop renal impair-
ment, which is manifested by progressively increasing se-
rum creatinine levels and reduced creatinine clearance and
occasionally may even lead to acute renal failure.*!

Cisplatin-induced nephrotoxicity (CINT) is a complex mul-
tifactorial process. Certain membrane transporters (for in-
stance, Megalin) are responsible for the accumulation of
cisplatin within the proximal tubular epithelial cells (PTEC),
followed by cellular injury via multiple mechanisms hy-
pothesized as:1'2

a) Increased oxidative stress: Cisplatin gives rise to toxic
metabolites, which not only deplete the intracellular an-
tioxidants, namely superoxide dismutase, catalase, and
glutathione, but also drive mitochondria to increase the
production of reactive oxygen species (ROS). These pro-
cesses result in an atmosphere of high oxidative stress.
Increased oxidative stress leads to damage to cellular
DNA and alteration of cellular proteins, thus impairing
renal tubular cell structure and function.

b) Impaired renal flow dynamics: leading to reduced renal
plasma flow.

¢) Activation of multiple signalling pathways in renal tu-
bular cells, leading to apoptosis.

d) Inflammation-mediated cellular damage: Cisplatin is
known to activate nuclear factor kB (NF-kB), leading to
increased production of inflammatory cytokines in re-
nal tubular cells, most importantly tumour necrosis fac-
tor a (TNF-a). TNF-a triggers a cascade of inflammation,
leading to cellular damage.

Various strategies employed to counter CINT include vigor-
ous intravenous hydration, magnesium supplementation,
and, in selected cases (hypertensive patients or those re-
ceiving high-dose cisplatin), mannitol-forced diuresis.*13-1

Multiple past studies have been aimed at exploring the role
of antioxidants in CINT, notably curcumin, amifostine, N-
acetylcysteine, and sodium thiosulfate.'®'”? N-acetylcysteine
(NAC) is a sulphur-containing cysteine analogue with anti-
oxidant action that has traditionally been used as a muco-
lytic agent and also has an established role in paracetamol
toxicity.'®"® The role of N-acetylcysteine in countering CINT
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has been explored in several animal studies and showed the
benefit of NAC in ameliorating nephrotoxicity.””!

The postulated mechanisms for NAC's nephroprotection are:

a) NAC has antioxidant action by virtue of its free radical
scavenging effect. In higher doses, it has been found to
directly bind the cisplatin molecule due to its free thiol
chain. In smaller doses, it increases the reducing capac-
ity of the cell by replenishing the glutathione and sulf-
hydryl stores in the renal tubular cells. NAC can also re-
duce malondialdehyde (MDA) formation in the kidney
via reduced lipid peroxidation.?!-24

b) NAC, via nitrous oxide production, exerts a vasodilator
effect and improves renal blood flow.?”!

¢) NAC prevents the activation of the cell apoptosis path-
way in renal tubules not only by reducing oxidative
stress but also via deactivation of the P53 protein and
inhibition of the apoptotic signalling cascade (MAPK,
p58, caspase-3, and NF-kB).12627)

d) NAC also possesses anti-inflammatory properties, as
evidenced by reduced production of pro-inflammatory
cytokines, inhibition of the C5a-C5aR pathway, and NF-
KB, which is responsible for mediating the cascade of
inflammation.?

Due to the above actions, NAC can be regarded as a po-
tential chemoprotectant. Different doses and routes are
being explored in the literature for using NAC for protec-
tion against CINT. There is a paucity of literature regarding
the use of NAC in humans for the said condition. As per our
knowledge, only one randomized control trial was con-
ducted in head and neck cancer patients to see the effect
of NAC on cisplatin-induced nephrotoxicity.2”

In this context, our study was aimed at:

(i) Documenting the incidence of renal impairment in our
population receiving cisplatin.

(ii) Studying the efficacy of N-acetylcysteine for the pre-
vention of cisplatin-induced nephrotoxicity.

Methods

Study Design

This two-arm prospective, open-label randomized con-
trolled clinical trial was conducted from August 2023 to
March 2024 at the Medical Oncology Department, Fauji
Foundation Hospital, Rawalpindi, Pakistan. The study was
approved by the Ethical Review Committee of Foundation
University (Ref No.508/RC/FFH/RWP) and was carried out in
compliance with the Declaration of Helsinki. Before being
enrolled in the trial, all patients gave their informed con-
sent. The trial was registered in Clinicaltrials.gov under the
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name “Role of N-Acetylcysteine for Prevention of Cisplatin-
induced Nephrotoxicity,’and its identifier is: NCT06019520.

Inclusion criteria comprised adult female patients diag-
nosed with non-haematological malignancies having
Eastern Cooperative Oncology Group Performance Status
(ECOG-PS) <2 who had never received platinum-based
chemotherapy in the past and were now eligible to receive
cisplatin-based chemotherapy. Patients were required to
have normal bone marrow function (ANC >1500 per micro-
liter, platelet count >100 x 10%L), adequate liver function
(serum total bilirubin <17 umol/L), and renal function (cre-
atinine <97 umol/L).

Exclusion criteria included patients with a solitary kidney
and those taking potentially nephrotoxic drugs, e.g., non-
steroidal anti-inflammatory agents (NSAIDs), loop diuret-
ics, or aminoglycosides. Patients having a history of allergy
to N-acetylcysteine and those expressing unwillingness to
take part in the study were also excluded.

Sample Size

Based on data from the previous study that had evaluated
the incidence of cisplatin-induced nephrotoxicity in the na-
tive female population,®" the analysis showed that a mini-
mum of 74 would be necessary, with 37 in each group, to
find a mean difference of 23.6 umol/L, the Cl at 95%, and
the power of the study at 80%. The sample size was also
reviewed and approved by the Ethical Review Committee
after checking alignment with the study’s objectives and
regulatory requirements.

Study Protocol

A total of 87 female patients planned to receive single
agent/combination cisplatin chemotherapy were screened
for eligibility, and out of these, 75 patients were enrolled in
the study. Patients were randomized using the simple ran-
domization technique of allotting even and odd numbers
to drug and control groups, respectively. A consort flow
diagram of the studied population is shown in Figure 1.

Data regarding patients’ characteristics were sourced
through interviews with patients and electronic medical
records (as and where required). Information regarding
age, comorbidities, ECOG-PS, TNM stage of tumours, and
intent of treatment was noted. Baseline investigations were
done, including serum creatinine and blood urea nitrogen
(BUN). Body mass index (BMI) was calculated as per Que-
telet's equation, and baseline creatinine clearance (CrCl)/
estimated glomerular filtration rate (eGFR) was calculated
as per the Chronic Kidney Disease Epidemiology Collabora-
tion (CKD-EPI) formula.®>33 All these details were entered in
a pre-made data collection form.

All participants received intravenous hydration and mag-
nesium supplementation as per the standard protocol of
hydration with cisplatin.?¥ Additionally, patients in the NAC
arm received oral NAC (1200 mg) in a water-soluble granule
preparation dissolved in water and administered once daily
at night for 7 consecutive days (starting 1 day before chemo-
therapy and continuing till 5 days after chemotherapy). This
protocol was followed for four to five consecutive cycles of
cisplatin chemotherapy, each separated by 21 days.

Before each cisplatin chemotherapy cycle, 5 ml of blood
was collected for testing. Samples were clotted in a plain
tube and then centrifuged to obtain serum. Serum was
analysed for creatinine value using the Beckman Coulter
Chemistry autoanalyzer (DXE 700 AU). Serial estimation
of GFR was done using the Chronic Kidney Disease Epide-
miology Collaboration (CKD-EPI) formula.B> This equation
was validated by Inker et al.[36] and found to be more accu-
rate than the antecedent MDRD Equation/Cockroft-Gault
formula for monitoring creatinine clearance, especially in
patients receiving cisplatin chemotherapy.”

Primary outcomes of the study were to compare the inci-
dence of cisplatin-induced nephrotoxicity, i.e., acute renal
failure risk defined as =25% decrease in eGFR from base-
line.®®3% In addition, we assessed serial changes in serum
creatinine, CrCl, and BUN across 4-5 consecutive cycles of
cisplatin chemotherapy.

Data Analysis

Data were evaluated using SPSS version 26. Continuous
data were reported as mean=SD, whereas categorical data
were reported as frequencies and percentages. Data were
checked for normality (through the Shapiro-Wilk test and
graphical representation via histogram and Q-Q plot). In
instances where the normality assumption for continuous
variables was upheld, independent t-tests were conducted
to compare the means of serum creatinine and BUN be-
tween the control and intervention groups; conversely,
non-parametric tests were employed where necessitated.
All statistical tests were two-sided and interpreted at a 0.05
significance level.

Results

The final analysed population comprised 70 adult females.
The normality of data was confirmed by a Shapiro-Wilk val-
ue of 0.216 and is graphically depicted in Figure 2.

The baseline characteristics of the study population are
shown in Table 1. This table also shows the acceptable
stratification of all characteristics across the study arms, as
shown by the insignificant p-value of the student’s t-test
among all the variables.
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[ Not meeting inclusion criteria
(n=3)

O Declined to participate (n=9 )

Randomized (n=75)
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Control arm (n=37) Intervention (NAC) arm (n= 38)
o  Standard IV hydration with Magnesium ¢ Standard [V hydration with Magnesium
supplementation supplementation +
e Oral NAC 1200 mg/day for 7 days
- [ Follow-Up 1 v
e Expired (n=2) o Refused participation (n=2)
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v [ Analysis ] v

Analysed (n=35)
Excluded from analysis (n=2)

e  Analysed (n=35)
e  Excluded from analysis (n=3)

Figure 1. CONSORT flow diagram of the studied population.
IV: Intravenous; NAC: N-Acetylcysteine.

The impact of cisplatin on kidney function of the studied
population is shown via a comparison of renal function
tests at baseline and post-4 cycles of cisplatin in Table 2. As
shown, cisplatin negatively affected serum BUN, creatinine,
and CrCl across all 4 cycles in a significant manner.

These findings are reinforced in Figure 3, which shows that
mean serum creatinine and BUN values significantly and
steadily increased, while mean eGFR/CrCl significantly de-
creased in both groups over a period of four cycles with fo-
cus on change after each cycle. The serum creatinine rise and
eGFR decline was less pronounced in the NAC arm; however,
as per the statistical analysis, the p-value was insignificant.

As shown in Table 3, a total of 25 out of 70 patients
(35.71%) developed cisplatin-induced nephrotoxicity. In
the control arm, 14 patients (40%) and 11 patients in the
NAC arm (31.4%) developed CINT. Though a small pro-
tective effect of NAC was noticed, the difference in inci-
dence of CINT was not statistically significant among both
groups.

Discussion

Nephrotoxicity is a major adverse effect of cisplatin chemo-
therapy and is commonly encountered in clinical settings.
49 |n some cases, early discontinuation of this otherwise
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Figure 2. Histogram and Quantile-Quantile (Q-Q) plot showing normality of data of the studied population.

Table 1. Stratification of demographic and clinical characteristics of the studied population

Baseline Characteristics Control Arm (n=35) NAC Arm (n=35) p
Age (mean=SD) years 55.14+8.87 51.17+£13.95 0.160°
BMI (mean+SD) kg/m? 23.49+4.61 21.43+4.93 0.076°
ECOG PS, n (%)
0-1 26 (74) 30 (86) 0.371°
2 9 (26) 5(14)
Stage, n (%)
| 0(3) 3(9) 0.232°
I 2 (6) 2(6)
1] 12 (34) 11(31)
\Y] 21 (60) 19 (54)
Comorbidities n=16 n=11
Systemic arterial hypertension 5 4 0.129¢
Diabetes mellitus 6 0
Both hypertension and diabetes 1 2
Othert 4 5

Data mentioned as number (%) or meantstandard deviation; n=number; BMI=Body mass index; ECOG PS=Eastern cooperative oncology group
performance status; 2iIndependent Sample t-test; ®°Chi square test; ‘Fisher’s exact test; *Other comorbidities: Arrythmia, Acid peptic disease, hypothyroidism,

Asthma, COPD, hepatitis B/C, dyslipidaemia.

highly effective chemotherapy agent is unavoidable to pre-
vent long-term morbidity, as this toxicity is not only cumu-
lative but also frequently irreversible.

As per our study findings, 35.7% of our studied population,
after being exposed to cisplatin, developed CINT. Notably,
our study participants were female only, as our institution
caters primarily to the wives/dependent children of retired
personnel of the organization. A large retrospective cohort
study suggested that gender-based differences exist as
regards the incidence of cisplatin-induced nephrotoxic-
ity and the response of CINT to nephroprotective agents.
Higher CINT incidence was found in perimenopausal wom-
en when compared with men of similar age or premeno-

pausal women.*" In the study by Inamullah et al., the inci-
dence of CINT was 29% in females and 46% in males. Our
study findings are comparable with a study by Praja et al.,
according to which female gender and age =50 were linked
with a relatively higher incidence of CINT.B'42

Our study documented minimal yet statistically insignifi-
cant improvement in serum creatinine and CrCl with oral
NAC 1200 mg/day. Past literature has indicated a varying
degree of benefit of NAC for the prevention of nephrotox-
icity. A case report by Hamad et al. mentioned accidental
overdosage of cisplatin resulting in severe kidney damage.
Although the patient did not survive the event, the benefit
of NAC was suggested by a reduction in the patient’s serum
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BUN and creatinine levels, improved creatinine clearance,
and urine output. Also, some improvement in the patient’s
liver damage was observed. The postulated reason behind
this clinical benefit was the replenishment of the patient’s
glutathione and sulfhydryl stores by NAC.*®! Another case
report by Emir et al., describing the use of NAC in a similar
dose for accidental cisplatin overdose in a paediatric pa-
tient, reported complete normalization of renal functions
and no long-term renal damage on delayed follow-ups.**
The dose used in both instances and the protocol of admin-
istration was the same as that used for paracetamol toxic-
ity, i.e., 140 mg/kg initially, then 70 mg/kg 4 hourly for the
next 4 days.

Oral administration of NAC leads to bioavailability of
around 5-10% owing to its extensive first-pass metabo-
lism.“* It has been postulated that an oral NAC dose of a
minimum of 800 mg/day is required to achieve sufficient
plasma levels of NAC for a significant antioxidant effect via
GSH production (indirect antioxidant effect).® For this rea-
son, we used Tepel’s regimen for NAC in our study.”® The
same regimen was successfully used in two studies involv-
ing chronic kidney disease (CKD) patients. Trimarchi et al.
observed that NAC in a dose of 600 mg BD given for 30 days
improved oxidative stress in haemodialysis (HD) patients.
This was evident by the reduced levels of malondialdehyde
(MDA: a marker of oxidative stress) in HD patients receiving
NAC.*! Nascimento et al. studied the effect of oral NAC on
30 CKD cases undergoing peritoneal dialysis. NAC in a dose
of 600 mg BD for 8 weeks was found to be well-tolerated as
well as efficacious for reducing oxidative stress and inflam-
mation, as evidenced by lower levels of the inflammatory
marker (IL-6) in the intervention arm.“® In both studies,
the route and dosage were the same as those used in our
study, and a significant antioxidant and anti-inflammatory
effect of NAC was indirectly determined by the measure-
ment of markers of inflammation.

Table 2. Effect of cisplatin on renal functions of studied population (by comparing renal function tests at baseline and post 4 cisplatin cycles)

Parameter Control arm NAC arm p
Baseline Post Cisplatin Baseline Post Cisplatin

Serum creatinine (umol/L) 68.43+14.04 90.29+16.56 71.17£11.90 86.32+12.55 p<0.0012
p<0.001>

Serum BUN (mmol/L) 4.01+0.39 4.71+£0.46 4.05+0.24 4.60+0.34 p<0.005¢
p<0.001¢

eGFR (mL/min/1.73m?) 74.06+£16.29 58.57+£13.27 71.94+£19.97 62.11£19.46 p<0.001¢
p<0.001¢

Values expressed as meanzstandard deviation; NAC: N-Acetylcysteine; BUN: Blood Urea Nitrogen; eGFR: estimated GFR; 2Wilcoxon-Signed rank test on
control arm; *Wilcoxon-Signed rank test on intervention arm; ‘Paired-Sample t-test on control arm, d Paired-Sample t-test on intervention arm.
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Table 3. Comparison of the frequency of cisplatin induced
nephrotoxicity between two groups

NAC arm
(n=35) n (%) p

Control arm
(n=35) n (%)

Parameter

Number of CINT# cases 14 (40.0) 11(31.43) 0.509°

#CINT/Acute renal failure risk, defined as a >25% decrease in eGFR from
baseline; *Chi-square test for both control and NAC arms.

Differing from our protocol, a higher dosage of 2400 mg/
day was used alongside the standard 1200 mg/day dose in
arandomized controlled study involving 75 patients receiv-
ing paclitaxel. Reduced oxidative stress, thereby leading to
lesser chemotherapy-induced neurotoxicity, was observed
in the NAC group, particularly in the higher dose (2400 mg/
day) group as compared with the lower dose (1200 mg/
day) group.”

In our study, chemotherapy and NAC administration were
separated spatiotemporally, i.e, both agents were given
via different routes and at different times of the day. This
was done to address a concern expressed in some older
studies about the probability of reduced chemotherapy
efficacy with NAC administration.*® More recent studies
have suggested a lesser probability of chemotherapy resis-
tance with the use of antioxidant agents.”"

Our study was most closely matched to the randomized
placebo-control trial on 57 head and neck cancer patients
conducted by Visacri et al.,, in which 600 mg/day NAC was
given starting 2 days before till 5 days after cisplatin ad-
ministration, and the difference in chemotherapy-induced
toxicities, levels of oxidative stress markers, and tumour
response was studied and compared across both groups.
Analysis showed no difference in cisplatin-induced renal,
Gl, or haematological toxicity between both groups. The
dosage of NAC used in our study was higher compared to
the aforementioned study, yet results were comparable as
regards the efficacy of NAC for CINT.

We measured serum creatinine in our patients for serial es-
timation of renal function. This lab parameter was used due
to its easy accessibility and low cost in our resource-con-
strained setup. In some other related studies, serum cystatin
and novel markers of kidney injury, e.g., kidney injury mol-
ecule-1 (KIM-1), neutrophil gelatinase-associated lipocalin
(NGAL), etc., have been used to assess renal tubular injury
owing to the greater sensitivity of these parameters.©?

Although our study did not yield a statistically significant
impact of NAC for the prevention of CINT, minimal benefit
was suggested, which may be more pronounced on a lon-
ger follow-up and with a larger sample size. Some limita-
tions of our study are selection (gender) bias, non-avail-

ability of a placebo due to the difficulty of manufacturing
a similar granular preparation as commercially available
NAC, and the inability to follow-up on day 5-7 post-cispl-
atin, when the maximum oxidative damage/renal injury is
expected.

We are humbled to present some suggestions for future
studies. Different dosing and alternative routes of NAC can
be explored in a wider, larger, and more diverse population
set. Novel sensitive and specific markers of renal injury may
be used, and follow-up periods may be modified to look for
meaningful results.
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