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Abstract

Aims: There are limited pharmacokinetic data on the use of irinotecan in patients

with reduced glomerular filtration rate (GFR) and no haemodialysis. In this case

report, we present 2 cases and review the current literature.

Methods: The dose of irinotecan in both patients was reduced pre-emptively due to

reduced GFR. The first patient had her irinotecan dose reduced to 50%, but was nev-

ertheless admitted to hospital because of irinotecan-induced toxicity, including gas-

trointestinal toxicity and neutropenic fever. The dose was reduced further to 40% for

the second cycle; however, the patient was again admitted to the hospital, and irino-

tecan was stopped indefinitely. The second patient also had his irinotecan dose

reduced to 50% and was admitted to the emergency department for gastrointestinal

toxicity after the first cycle. However, irinotecan could be administered in the same

dose in later cycles.

Results: The area under the curve to infinity of irinotecan and SN-38 in the first

patient were comparable to those of an individual receiving 100% dose intensity. The

area under the curve to infinity of irinotecan and SN-38 in patient 2 in both cycles

were slightly less than reference values. Furthermore, clearance values of irinotecan

and SN-38 in our patients were comparable to those without renal impairment.

Conclusion: Our case report suggests that reduced GFR may not significantly affect

the clearance of irinotecan and SN-38, but can still result in clinical toxicity. Reduced

initial dosing seems indicated in this patient population. Further research is needed

to fully understand the relationship between reduced GFR, pharmacokinetics, and

toxicity of irinotecan and SN-38.
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1 | INTRODUCTION

Irinotecan is extensively used in the treatment of e.g. colorectal and

pancreatic cancer. Irinotecan is the prodrug for SN-38, which is aHans Gelderblom
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topoisomerase I inhibitor. Topoisomerase is an enzyme involved in

DNA replication.1 SN-38 is at least 100 times more cytotoxic than iri-

notecan.2 Eventually SN-38 is conversed into the inactive SN-38 glu-

curonide (SN-38G) by uridine diphosphate glucuronosyltransferase

(UGT) 1A1. Variants in the UGT1A1 gene can result in reduced

enzyme activity, leading to increased risk of toxicity.3 Furthermore, iri-

notecan and its metabolites are primarily faecal excreted (62.0%

± 7.60%) followed by urinary excretion (30.2% ± 6.60%).4 Patients

with reduced glomerular filtration rate (GFR; GFR < 59 mL/min per

1.73 m2) may have increased irinotecan exposure, leading to more

adverse events. The main side effects of irinotecan are neutropenia,

gastrointestinal toxicity, cholinergic syndrome, anaemia, anorexia, alo-

pecia and asthenia.

Trials of drugs in patients with reduced GFR are in general scarce.

In the Summary of Product Characteristics, it is mentioned that use of

Irinotecan HCl-trihydrate in patients with reduced GFR is not recom-

mended since sufficient data is lacking.5 Also in clinical guidelines,

general statements, such as ‘caution is warranted in patients with

reduced GFR’, do not provide guidance in how to approach dosing in

these patients.6 In daily clinical practice, this causes uncertainty on

how to dose this specific patient population. Over the years, only a

limited number of studies have reported on the dosing, pharmacoki-

netics and toxicity of irinotecan in this patient population with con-

trasting results and no clear dose recommendations. Venook et al.

stated that dosing of irinotecan in patients with renal dysfunction is

not clarified in their study since the doses explored were below the

standard recommended doses. The 2 out of 9 patients with dose limit-

ing toxicity in the renal dysfunction cohort had grade 4 diarrhoea and

neutropenia with calculated creatinine clearances of 36 and 32 mL/

min.7 Also other studies have reported severe toxicity in patient with

reduced GFR.8 The clearance of SN-38 was reported to be lower.9

Because of the lack of clear dosing recommendations, dosing is

mostly based on extrapolation of pharmacokinetic data of patients

with normal GFR (GFR ≥90 mL/min per 1.73 m2) and case reports. As

pharmacokinetic data of irinotecan in patients with reduced GFR and

without haemodialysis are limited, we hereby report 2 cases with

detailed pharmacokinetic data that will add to the current knowledge

on the pharmacokinetics and toxicity in this population and will pro-

vide guidance on how to dose this patient group. In addition, the cur-

rent literature will be reviewed.

2 | CASE REPORTS

2.1 | Case 1

The patient was a 54-year-old Caucasian female, nonsmoker and

known with hypertension, asthma and morbid obesity (body surface

area [BSA; Dubois] 2.36 m2). She received a kidney transplant in 1999

as a result of membranous glomerulonephritis. In March 2019, she

was diagnosed with pT2N0M1 coecum cancer and subsequently a

right hemicolectomy was performed. Radiofrequency ablation was

conducted for the treatment of liver metastases. In December 2019,

oxaliplatin and capecitabine were started as palliative therapy for new

liver metastases. Eight days after starting chemotherapy, the patient

was admitted to hospital because of nausea, vomiting and diarrhoea.

Chemotherapy was altered to FOLFOX (folinic acid, 5-fluorouracil and

oxaliplatin). Dose of oxaliplatin was reduced to 75% and dose of

5-fluorouracil was reduced to 50% because of reduced GFR and dihy-

dropyrimidine dehydrogenase deficiency (DPYD 1236G > A), respec-

tively. Once more, a few days after chemotherapy she was admitted

to hospital because of gastrointestinal toxicity. Chemotherapy was

ceased and in March 2020 radiation therapy was opted to treat the

metastases.

Regrowth of metastases in segments V and VIII was observed in

July 2020 and monotherapy irinotecan biweekly was chosen as pallia-

tive chemotherapy. The patient was identified to be UGT1A1*1/*28.

Dexamethasone 4 mg was provided as part of antiemetic prophylaxis.

In addition, the patient was taking ciclosporin, which is known to have

a drug–drug interaction with irinotecan. The dose of irinotecan was

pre-emptively reduced to 50% (90 mg/m2, 212 mg total) due to

reduced GFR (serum creatinine 201 μmol/L, GFR estimated according

to the Chronic Kidney Disease Epidemiology Collaboration [eGFR]

23 mL/min/1.73 m2). Total bilirubin level was not aberrant (13 μmol/L).

Samples were obtained for pharmacokinetic analysis. Again, she was

admitted to hospital as a result of gastrointestinal toxicity, neutropenic

fever, acute reversible prerenal insufficiency, pancytopenia and apathy.

The second irinotecan administration was postponed. After 4 days, she

recovered and was discharged from hospital. Irinotecan was adminis-

tered, 1 month after the first administration, in further reduced dose

(60% dose reduction; 72 mg/m2, 170 mg total). The adjustment was

based on pharmacokinetic data and renal function (serum creatinine

168 μmol/L, eGFR 29 mL/min/1.73 m2). Continuation of chemother-

apy was requested by the patient as the tumour marker carcinoem-

bryonic antigen decreased from 314.0 to 226.7 μg/L after the first

cycle. One week after the administration, she was admitted to hospital

due to gastrointestinal toxicity and acute kidney injury. Based on nega-

tive risk benefit analysis, irinotecan was ceased.

2.2 | Case 2

The patient was a 72-year-old Arabic male, nonsmoker and diagnosed

in 2015 with pT3N3M0 sigmoid carcinoma. After resection, 8 cycles

of CAPOX (capecitabine and oxaliplatin) were administered as adju-

vant chemotherapy. In 2017 4 cycles of CAPOX were used for induc-

tion prior to hyperthermic intraperitoneal chemotherapy for treating

peritoneal metastasis. Recurring peritoneal metastasis and suspicious

lesions in the liver were detected in October 2018 and it was opted

to treat these with capecitabin and bevacizumab. After the first cycle,

the patient was admitted to hospital for gastrointestinal toxicity. Ulti-

mately capecitabine was ceased indefinitely.

Due to progressive liver metastasis, monotherapy irinotecan

(180 mg/m2; 337 mg total) biweekly was started in July 2019. Serum

creatinine was 150 μmol/L (eGFR 42 mL/min/1.73 m2) at the time.

The patient was identified to be UGT1A1*1/*1. The irinotecan dose
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was reduced by 25% to 242 mg in total in December 2019 as a result

of diarrhoea. In January 2020, the patient decided to pause chemother-

apy. Monotherapy irinotecan was restarted in September 2020 due to

growing lesions in the liver and 2 new metastases in the rectus abdomi-

nis muscle. The dose was reduced to 50% (90 mg/m2; 165 mg total) on

discretion of the patient's oncologist. GFR was reduced (serum creati-

nine 143 μmol/L, eGFR 42 mL/min/1.73 m2) and total bilirubin level

was within the normal range (4 μmol/L). Besides dexamethasone, no

other medicines with known interactions with irinotecan were identi-

fied. Samples were obtained for pharmacokinetic analysis. After a few

days the patient presented to the emergency department because of

gastrointestinal toxicity. He was discharged without admission. During

the second administration of irinotecan (serum creatinine 132 μmol/L,

eGFR 45 mL/min/1.73 m2), no further dose adjustment was made. No

significant side effects were observed in the following 8 cycles. Carci-

noembryonic antigen declined from 21.2 μg/L before starting chemo-

therapy to 4.9 μg/L 2 months after start irinotecan treatment.

3 | METHODS

Both patients were treated in the Leiden University Medical Center.

Irinotecan and metabolite exposure measurements were performed as

part of standard care for patients' safety and further guidance of dos-

ing in the absence of clear guidelines. Informed consent was obtained

from the patients to publish the results. Blood was drawn before

administration, at 10 and 20 min after start administration of irinote-

can and at 5, 15, 30, 60, 120, 240, 600 and 1440 min after end of

infusion. Duration of the infusion was 30 min. The blood was centri-

fuged at 2200 g for 10 min and the plasma was extracted and stored

at �20�C until transport to the bioanalytical laboratory. After trans-

portation to the ISO15189 certified laboratory of the Erasmus Univer-

sity Medical Center, the samples were stored at �80�C until analysis.

Irinotecan and SN-38 were measured by a validated reversed-phase

high-performance liquid chromatography with fluorescence detection,

as described by de Bruijn et al.10

Pharmacokinetic parameters of irinotecan and SN-38 were

obtained by using noncompartmental analyses. The area under the

curve (AUC) was calculated for a 24-h period (AUC0–24) and for the

period zero to infinity (AUC0-inf), which was obtained by extrapolating

the slope of the terminal concentration decline. Volume of distribu-

tion, total body clearance and half-life were calculated. Pharmacoki-

netic analysis was performed using Pkanalix 2020 (Simulations Plus,

Inc., West Lancaster, CA, USA).

4 | RESULTS

The plasma concentrations of irinotecan and its metabolite SN-38 are

shown in Figure 1. The pharmacokinetic parameters are presented in

Table 1. The expected AUC0-inf of irinotecan and SN-38 in an individ-

ual receiving 180 mg/m2 are 8000–15 000 and 250–325 ng*h/mL

respectively.4,11–14 After dose reduction, the AUC0-inf of irinotecan

and SN-38 in patient 1 were comparable to those of an individual

receiving 180 mg/m2 (100% dose intensity) irinotecan. The AUC0-inf

of irinotecan and SN-38 in patient 2 in both cycles were slightly less

than aforementioned reference values. The clearance of irinotecan

and SN-38 were comparable to those reported in the literature in

both patients during both cycles.15

5 | DISCUSSION

In both patients, exposure to irinotecan and its metabolite SN-38

remained within the same order of magnitude as the average expo-

sure of those who received the full dose (180 mg/m2) of irinotecan,

despite significant dose reductions (60 and 50%).4,11–14 Furthermore,

during both cycles, the absolute clearance of irinotecan and SN-38 fell

within the range of those reported in the literature for both

patients.11,15,16

Patient 1 exhibited high AUC0-inf, which may be partially

explained by the fact that dosing of irinotecan is based on actual BSA

without dose capping, and this patient had an above-average BSA of

F IGURE 1 (A) Concentrations of irinotecan and SN-38 after start
administration of irinotecan. Patient 1 had a glomerular filtration rate
estimated according to the Chronic Kidney Disease Epidemiology
Collaboration (eGFR) 23 mL/min/1.73 m2 at the first cycle and
received 90 mg/m2 (212 mg total) irinotecan. At the second cycle she
had an eGFR 29 mL/min/1.73 m2 and received 72 mg/m2 (170 mg
total). (B) Concentrations of irinotecan and SN-38 after start
administration of irinotecan. Patient 2 had an eGFR 42 mL/

min/1.73 m2 and an eGFR 45 mL/min/1.73 m2 at the first and second
cycle respectively; 90 mg/m2 (165 mg total) irinotecan was
administered in both cycles.

2922 CHUI ET AL.
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2.36 m2. When calculating BSA adjusted clearance, the clearance of

this patient was relatively low compared to the mean clearance in the

Food and Drug Administration drug label (6.5–7.5 vs. 13.3–13.9 L).

However, the literature has conflicting results regarding the relation-

ship between BSA and irinotecan exposure. Poujol et al. reported a

moderate positive correlation between irinotecan AUC and irinotecan

dose (r = 0.62, P < .0001),15 while Klein et al. found that BSA was not

a predictor for exposure to irinotecan or SN-38.17 Current guidelines

recommend using actual body weight for calculating BSA-based dos-

ing in obese patients to avoid underdosing.18

Other factors might have contributed to the high AUC0-inf of iri-

notecan and SN-38 in patient 1. More specifically, the concurrent use

of the immunosuppressive drug ciclosporin. Ciclosporin has been

shown to decrease the clearance of irinotecan by 39–64% and

increase the AUC0–24h of SN-38 by 23–623%.19 Nonetheless, the

absolute clearance of irinotecan in patient 1 was not aberrant.

Another possible contributing factor to the high AUC0-inf may be that

patient 1 carried the UGT1A1*1/*28 polymorphism, which is associ-

ated with increased systemic exposure to SN-38. However, dose

adjustment is not recommended by the national guideline.20 No fac-

tors were identified in patient 2 that could significantly alter the

plasma concentration of irinotecan and SN-38.

Reduced GFR could theoretically lead to increased exposure of

irinotecan and its metabolites, potentially resulting in more adverse

events. However, the clearance of irinotecan and SN-38 in our

patients were not unusual, yet both patients experienced toxicity.

TABLE 1 Pharmacokinetic
parameters of irinotecan and SN-38 after
administration of irinotecan. Patient 1
received 50 and 40% of the
recommended irinotecan dose (180 mg/
m2) during the first and second cycles,
respectively. Patient 2 received 50% of
the recommended irinotecan dose
(180 mg/m2) during both cycles.
V = volume of distribution; AUC = area
under the concentration vs. time curve;
CL = total body clearance;
t1/2 = elimination half-life;
CL/fm = apparent clearance.

Patient 1 Patient 1 Patient 2 Patient 2
Cycle 1 Cycle 2 Cycle 1 Cycle 2

Irinotecan

Dose (mg) 212 170 165 165

Dose (mg/m2) 90 72 90 90

V (L) 174.6 182.8 223.6 250.1

AUC0–24h (ng*h/mL) 11 496 8299 6979 6205

AUC0-inf (ng*h/mL) 13 828 9641 7918 6988

CL (l/h) 15,3 17,6 20,8 23,6

t1/2 (h) 7.9 7.2 7.4 7.3

SN-38

V (L) 14 449.6 22 616.3 18 032.3 26 065.9

AUC0–24h (ng*h/mL) 232 139 144 121

AUC0-inf (ng*h/mL) 466 255 220 226

CL/fm (L/h) 454.3 666.7 748.2 727.1

t1/2 (h) 22.1 23.6 16.7 24.8

TABLE 2 Studies on patients receiving irinotecan who have reduced glomerular filtration rate and do not undergo haemodialysis.

Authors Year
Number of
patients Findings of the study Remarks

Venook

et al.7
2003 35 Clearance of irinotecan and metabolites in the

group with serum creatinine 1.6–5.0 mg/dL did

not differ significantly compared to cohorts with

serum creatinine <1.6 mg/dL.

Nine patients with reduced glomerular filtration

rate (creatinine clearance varying between 21

and 60 mL/min [median 40.5]) were included.

De Jong

et al.8
2008 187 A significant correlation between renal function

calculated according to Cockcroft–Gault and
clearance of irinotecan (P = .05), SN-38 (P = .12)

and SN-38G (P = .06) could not be found.

However, upon categorizing patients according

to their renal function, those with an estimated

glomerular filtration rate 35–66 mL/min

exhibited a 13% lower irinotecan clearance than

the group with an estimated glomerular filtration

rate >98 mL/min (P = .02).

Results from the pharmacodynamic analysis of 131

patients showed that slower creatinine clearance

was associated with severe neutropenia.

Only 3 patients could be assigned to the group

with the lowest creatinine clearance of 30–
50 mL/min.

CHUI ET AL. 2923
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Despite the potential clinical relevance of reduced GFR in the dosing

of irinotecan, there is currently a lack of literature on this subject.

Table 2 provides a summary of the available literature.

Current literature is contradictory on the effect of reduced GFR

on the pharmacokinetics of irinotecan and SN-38.7–9 Dose reduction

of irinotecan due to reduced GFR is currently not recommended by

national and international guidelines.6,21 Nevertheless, several studies

have reported an increased risk of adverse events in patients with

reduced GFR. One possible explanation for this is that elevated urae-

mic toxins in patients with reduced GFR may inhibit the binding of

SN-38 to albumin, leading to an increase in unbound SN-38. Addition-

ally, reduced hepatic uptake of SN-38 by OATP1Bs may contribute to

this phenomenon.22 However, further research is required to test this

hypothesis, and studies with larger sample sizes are needed to clarify

the effect of reduced GFR on the pharmacokinetics of irinotecan and

SN-38. The current report of 2 well documented and monitored cases

with impaired renal function adds to the total sample size reported in

literature. In line with earlier reports these 2 cases also showed con-

siderable toxicity with reduced doses. Although this effect could not

conclusively be explained by reduced clearance caused by the

impaired renal function, reduced initial dosing followed by up titration

of the dosed based on toxicity seems indicated.

In conclusion, our case report suggests that reduced GFR may not

significantly affect the clearance of irinotecan and SN-38, but can still

result in toxicity. Current guidelines do not recommend dose reduc-

tion of irinotecan based on reduced GFR, but several studies have

reported an increased risk of adverse events in such patients. Reduced

initial dosing followed by up titration of the dose based on toxicity

therefore seems indicated in this patient population. Further research

is needed to fully understand the relationship between reduced GFR,

pharmacokinetics, and toxicity of irinotecan and SN-38.
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