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Case report

Toxicity of irinotecan (CPT-11) and hepato-renal

dysfunction
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Various clinical and laboratory parameters have been
investigated for their ability to predict toxicity arising from
the use of the anticancer drug, irinotecan (CPT-11). In
particular, patients deficient in the conjugation of SN-38, a
metabolite of CPT-11, are known to be at greater risk. We
describe one case of a patient with metastatic colorectal
cancer treated with a single dose of CPT-11 at 125 mg/m?.
Although this patient lacked any known predictive factors for
toxicity, he experienced severe side-effects several days
later. We hypothesized that the toxicity in this patient was due
to compromised SN-38 conjugation. Plasma samples were
analyzed by reversed-phase high-performance liquid chro-
matography assay for CPT-11 and its metabolites at 96, 144,
168, 192 and 288 h post-administration. We observed that the
concentrations of both the parent drug and its metabolites
were markedly raised (11- to 60-fold expected). Additionally
the estimated terminal half-lives were 1.5-7 times those
expected (29.5, 101, 39.6 and 41.8 h for CPT-11, APC, SN-38G
and SN-38, respectively). We conclude that the toxicity in this
patient was not caused by deficient SN-38 conjugation, but by
decreased drug excretion through both hepatic and renal
routes. [© 2001 Lippincott Williams & Wilkins.]
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Introduction

Irinotecan (CPT-11) is a topoisomerase I poison which
has significant activity in colorectal cancer."™* The
combination of CPT-11 and fluorouracil is now
regarded as standard firstline therapy for patients
with advanced or recurrent disease.”® CPT-11 has also
been shown to be active against a number of other
tumor types.”™
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The principal toxicities of irinotecan are neutrope-
nia and diarrhea, which in some cases may cause
significant morbidity and occasional mortzllity.m’14
There is significant inter-patient variability in toxicity,
which may be in part due to variability in drug
metabolism. CPT-11 is a prodrug of SN-38, the active
metabolite, the conversion of which is mediated by
c:;1rboxylesterases.15'18 SN-38 undergoes inactivation
by hepatic uridine diphosphate glucuronosyltransfer-
ase (UGT) 1Al to its glucuronide ester SN-38G.'° The
latter is subsequently excreted in both bile and
urine.?*** CPT-11 also undergoes oxidation by
cytochrome P-450 (CYP) 3A to yield a number of
mostly inactive metabolites.?*~*

It is important to be able to identify patients who are
at greater than normal risk of toxicity from CPT-11,
particularly given that its use is likely to be expanded
to the adjuvant setting. For example, recent work has
demonstrated that some patients deficient in SN-38
conjugation are more at risk of severe toxicity.19’27'29
We recently treated a patient with advanced colorectal
cancer who experienced severe toxicity several days
after the first dose of CPT-11. We hypothesized that
the toxicity in this patient was due to compromised
drug handling because of significant co-morbidity and
to confirm this the CPT-11 pharmacokinetics were
analyzed.

Case history

The patient was a 55-year-old man of Mediterranean
origin with intercurrent medical problems of uncom-
plicated o-thalassemia trait, left ureteric calculus
complicated by hydronephrosis treated 8 months
previously by ureteric stenting and cholecystitis
secondary to cholelithiasis. The latter condition had
been treated by laparoscopic cholecystectomy 1
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month prior to treatment with CPT-11. This procedure
was complicated 2 weeks later by an episode of
cholangitis.

The patient first presented with a moderately
differentiated stage II adenocarcinoma of the cecum
in March 1999 and was treated with a right
hemicolectomy. He declined adjuvant chemotherapy.
Inoperable hepatic secondaries were diagnosed in
December 1999. The patient was enrolled in a phase II
trial of oxaliplatin and fluorouracil to which he
achieved a partial response with disease progression
occurring in September 2000, 3 months after comple-
tion of trial chemotherapy.

Weekly CPT-11 at 125 mg/m” for 4 weeks followed
by a 2-week rest was commenced in October 2000.
The patient developed grade III diarrhea a few days
after the first injection, which was not controlled by
the recommended loperamide regimen. He was
hospitalized on day 5 post-treatment with worsening
abdominal pain and moderate dehydration. Baseline
and admission laboratory values are depicted graphi-
cally in Figures 1-3. The patient was found to have
grade IV neutropenia that lasted from day 7 to day 11
posttreatment before recovering on day 12. He
became briefly febrile on day 8. Other hematological
toxicities at presentation included grade II anemia
(8.5 g/dl), grade II thrombocytopenia (55000/mm?>)
and grade I coagulopathy (PT=21.4 s and INR=1.9).
There was no laboratory evidence of hemolysis. Non-
hematological toxicities included grade II renal impair-
ment (urea 23 mmol/l and creatinine 141 umol/l) and
oral thrush. Grade III liver dysfunction was also
evident with elevated bilirubin (81 umol/l, predomi-
nantly conjugated) and transaminases. Computerized
tomography of the abdomen and pelvis was suggestive
of pancolitis and showed no biliary tract pathology.

Cultures of blood, urine and stool revealed no
significant bacterial pathogens. He was treated with
i.v. rehydration, blood transfusion of 2 U, combination
antibiotics and colony stimulating factors, which
resulted in a satisfactory improvement in his condition
as well as the hematological and biochemistry profiles
(Figures 1 and 2). After 10 days in the hospital, the
patient’s condition improved sufficiently for him to be
discharged. At this time the abnormal blood counts
and biochemistry had essentially returned to baseline
levels with the exception of the liver indices. These
values, though improved, remained elevated up to 2
weeks later. At discharge, bilirubin was 36 pmol/l, ALP
was 373 U/l and GGT was 439 U/I.

Materials and methods

Plasma samples were obtained at 96, 144, 168, 192
and 288 h following the infusion of CPT-11. The
plasma analysis was initially performed using an ultra-
sensitive method initially developed for the measure-
ment of trough concentrations of SN-38.> However, it
soon became apparent that the concentrations were
much higher than anticipated, and the method of
Rivory and Robert for the quantitation of CPT-11, APC,
SN-38 and SN-38G>' was used instead.

Briefly, each sample was prepared by mixing 50 ul
of plasma with 100 ul of ice-cold methanol:acetonitrile
(50:50, v/v) containing 5 ng 20(S)-camptothecin as the
internal standard. The mixture was vortexed briefly
followed by centrifugation at 8000 g for 5 min. The
supernatant was separated and mixed with 2.5 ul of
1IN HCI and centrifuged again. The final supernatant
was transferred into an insert and placed in the auto
sampler at 4°C for analysis.

130 - 10
. c f
Ke) -9
3
120 2 s _
= =
[ o
110 | = 72
= S -6 2
) 4 o g
2 100 - -5 g
Q ©
T 4 -4 O
~ D\ K
90 7 ~ N\ -3 =2
~N\ 3
NN / -2
80 -+ N A
—_ /_,A/’A_.A “1
~ T~ A =
~ _a
70 . , T e — b T T -0
0 50 100 150 200 250 300 350

Time post-treatment (h)

Figure 1. Hemoglobin level (@), absolute neutrophil count (A) and platelet count/100 (A) following a single dose of CPT-11.
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Figure 2. Urea (@) and creatinine (Q) values following a single dose of CPT-11.
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Figure 3. Bilirubin (@) and alkaline phosphatase (O) values following a single dose of CPT-11.

For SN-38G quantification, 50 ul of plasma was
incubated at 37°C with 25 U of glucuronidase for 1 h.
The incubated plasma was then treated in the same
manner as described above.

Plasma standards were prepared by adding 5 ul of
standard solution to 45 ul of blank plasma and treated
as per the samples. Standards were prepared to give
the following ranges of concentration: CPT-11, 10-
5000 ng/ml, APC, 5-2500 ng/ml, and SN-38, 0.5-
250 ng/ml. Separation was performed at ambient
temperature using a Waters Nova-Pak Radial-Pak C;g
reversed-phase column (5x250 mm, 4 pum) using
0.075 M ammonium acetate buffer (pH 4.5):acetoni-
trile (78:22, v/v) as the mobile phase at a flow rate of

1 ml/min. Fluorescence detection (RF-10AXL; Shimad-
zu, Sydney, Australia) was optimized for detection of
SN-38 with excitation and emission wavelengths set at
380 and 530 nm, respectively. Ten microlitre aliquots
were injected and concentrations calculated using the
area ratio method.

Pharmacokinetic analysis

The terminal halflives were calculated from the semi-
log concentration versus time curves. The average SN-
38G:SN-38 ratio was calculated as the mean of the ratio
of concentrations at the five time points. The average
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pharmacokinetic data obtained from four patients
previously treated with CPT-11 at 125 mg/m® in
another study’® were used to act as comparators.
The concentrations of CPT-11, APC and SN-38
generally become undetectable within 50 h post-
treatment using the analytical method described
above. Therefore, the concentration-time profiles of
the four comparator patients were extrapolated out to
250 h using the terminal halflives reported by
Sparreboom et al.*!

Previously, we have described the relationship
between pre-treatment ‘trough’ concentrations of SN-
38 and SN-38G and toxicity experienced by patients
treated with the same weekly schedule of CPT-11.>?
These data, available for 10 patients on day 7 of
treatment, were also used for comparison.

Results

The concentrations of CPT-11, APC, SN-38 and SN-38G
are depicted in Figure 4 along with the comparator
pharmacokinetic profiles. Levels of both the parent
drug and its metabolites were markedly raised (11- to
60-fold predicted) in our patient. The day 7 concentra-
tions of SN-38 (2.96 ng/ml) and SN-38G (19.5 ng/ml)
observed in this patient are much higher than those
found in our ‘trough’ study (¢f. 0.20 and 0.69 ng/ml,
respectively). Concentrations of CPT-11 and its
metabolites remained detectable even as late as
288 h post-administration. The estimated terminal
halflife (#,,») values of CPT-11, APC, SN-38G and SN-

38 were 29.5, 101, 39.6 and 41.8 h, respectively.
These values are approximately 1.5-7 times those
expected. The SN-38G:SN-38 serum concentration
ratio averaged 7.9 over the sampling interval.

Discussion

The two most common dose-limiting toxicities of
irinotecan are neutropenia and delayed diarrhea (onset
greater than 24 h). Severe (grade III/IV) neutropenia
occurs in about 20-30% of patients and severe (grade
II/IV) diarrhea in up to 40% of patients was initially
reported.'”'? The incidence of the latter has been
reduced to around 4-6% with aggressive use of
loperamide. Other common difficult toxicities that
have been observed are nausea/emesis, asthenia and
anemia.>* Less frequent drug-related events include
thrombocytopenia,®® toxic death,'31%43¢ major hepatic
dysfunction,?®3%37 cardiac dysrrhythmia,>® peumoni-
tis>*~*! and tumor lysis syndrome.%A2

Our patient presented with major hematological,
gastrointestinal and hepatic toxicity accompanied by
mild coagulopathy and transient renal impairment.
The myelotoxicity was particularly impressive as it
involved suppression of all three cell lineages with the
granulocytes being most profoundly affected. Some
authors have attempted to determine the predictive
parameters for toxicity, amongst other things, and
have identified baseline bilirubin, hemoglobin, number
of organs involved and time from diagnosis as
predictive factors for neutropenia. Also, performance

1000

Concentration (ng/ml)

0 50 100
Time post-administration (h)

150 200 250 300

Figure 4. Concentrations of CPT-11 (O), APC (@), SN-38 (W) and SN-38G (V) observed in the case of a patient with severe
toxicity following treatment with one dose of CPT-11 at 125 mg/m? (solid lines). Historical data from a previous study® and
extrapolation based on data from Sparreboom?' are shown here for comparison (broken lines).
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status, serum creatinine, leukocyte count, time from
fluorouracil progression and prior abdominopelvic
irradiation are predictive factors for delayed diarrhea.®

Patients with Gilbert’s syndrome are particularly
prone to CPT-11-related toxicity because of a defi-
ciency in UGT1AL1 activity.*® The deficit in conjugation
of SN-38 is usually reflected by an altered SN-38G:SN-
38 concentration ratio. The genotyping of patients for
the most common polymorphism associated with
Gilbert’s syndrome, an additional TA repeat in the
regulatory region of UGT1A1, may represent a useful
screening test for patients prior to treatment with CPT-
11.* Because bilirubin is conjugated by the same UGT
enzyme, we suspected that increased heme turn-over
(from thalassemia) might have compromised SN-38
glucuronidation in our patient. However, the clinical
history did not support a diagnosis of Gilbert’s
syndrome. Also, the SN-38G:SN-38 ratio did not
suggest any perturbation with the UGT 1Al activity.
Typically, the plasma SN-38G:SN-38 ratio is of the
order of 2-10,% although it may decrease at very late
time points.46 At day 7, we previously observed a
mean SN-38G:SN-38 concentration ratio of 3.844+1.71
at 144 h.>® Therefore, the ratio observed in our case
was, if anything, higher than expected. Finally, the
predominance of conjugated to unconjugated bilirubin
provided additional support for an intact UGT1Al
activity in this patient.

Rather, the evidence gathered in this case points to a
multifactorial impairment of drug elimination. High and
persisting concentrations of APC were also observed in
this patient which would argue against diminished drug
metabolism through cytochrome P450 3A, which is
recognized as an important elimination pathway.zi25
Concomitant liver disease is known to have an impact on
the pharmacokinetics of CPT-11, sometimes with dire
consequences.”’ In a recent study, patients with
elevated alkaline phosphatase and bilirubin were found
to have reduced clearance of CPT-11.*7 The latter
declined in a non-linear fashion with increasing hepatic
dysfunction reaching an asymptotic value of approxi-
mately 4 I/h/m* (as compared to around 15 I/h/m? in
normal patients). This would suggest that renal excre-
tion, which accounts for 20-25% of the elimination of
unchanged CPT-11,?* represents a major route of
elimination in patients with extensive liver involvement.

The canalicular transporter cMOAT (also known as
MRP2) is thought to be largely responsible for the
biliary excretion of CPT-11, SN-38 and SN-38G, 5!
although P-glycoprotein may be responsible for the
high-affinity component of the transport of the
carboxylate form of CPT-11.%-5! These transporters
have been shown to be down-regulated in response to
inflammation, sepsis and biliary obstruction.’*>® In

Toxicity with irinotecan

view of the recent history of cholangitis and in the
presence of hydronephrosis, it is likely that a
combination of renal and disease-related hepatic
dysfunction (reduction in functional parenchyma plus
reduced expression of transporters) led to grossly
compromised drug elimination in this patient.

However, we cannot rule out a possible direct
contribution of the drug on this multi-organ dysfunc-
tion. Four patients recently described by Nikolic-
Tomasevic had a combination of neutropenia, diar-
rhea, renal impairment and liver dysfunction of varying
severity after exposure to CPT-11 culminating in
death.®® Because all four patients had normal pre-
treatment parameters, the authors suggested that CPT-
11 might interfere with renal and hepatic function in a
subset of patients who did not fulfil the usual
predictive criteria for toxicity.

Conclusion

We conclude that the profound toxicities experienced
by this patient were correlated to the abnormal
pharmacokinetic findings. We believe that multiple
endogenous and exogenous factors exerting their
effects on the two key organs, the liver and the
kidneys, have resulted in markedly decreased drug
excretion in this case. We recommend that close
monitoring of compromised renal function should be
performed in patients with liver involvement receiving
CPT-11. Also, prudence should be exercised when
treating patients with a recent history of surgery
(particularly hepatobiliary) and infection.
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