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Abstract: Here we report a case of metastatic colon cancer treated with 5-fluorouracil,
leucovorin, and escalated doses of irinotecan (FOLFIRI) combined with regorafenib in the
fourth-line setting after uridine diphosphate glucuronosyltransferase (UGT)1A1 genotyping
analysis. A 66-year-old male was initially diagnosed with Union Internationale Contre le Cancer
stage III descending colon cancer and underwent curative surgery. He received postoperative
adjuvant chemotherapy; however, liver metastasis developed and a partial hepatectomy was
performed thereafter. Unfortunately, pulmonary metastases and recurrent liver tumors were found
despite a series of systemic treatments with multiple combinations of cytotoxic and biologic
agents. Recently, a novel multikinase inhibitor, regorafenib, was approved for the treatment
of metastatic colorectal cancer refractory to other therapeutic modalities. As further treatment,
we combined regorafenib with FOLFIRI, which included dose escalations of irinotecan, after
UGTI1A1 genotyping analysis. The therapeutic results were promising, with the improvement
in liver and pulmonary metastases being classified as stable disease and partial response,
respectively. Moreover, the progression-free survival was over 6 months. FOLFIRI, with dose
escalation of irinotecan according to UGT1A41 genotyping plus regorafenib appears to be a
promising salvage therapy for patients with refractory metastatic colorectal cancer.
Keywords: UGT1A1, irinotecan, dose escalation, metastatic colon cancer, regorafenib

Introduction

Approximately 20%—25% of patients with colorectal cancer (CRC) present with
metastatic disease at the time of diagnosis, and up to 40% of those with initial limited
CRC will develop metastases during the course of treatment, resulting in 50%—60% of
CRC patients expected to develop metastases subsequently.'> Most of these patients
with metastatic CRC will require intensive or palliative systemic therapy. The current
first-line treatment for metastatic CRC includes the combination of 5-fluorouracil/
leucovorin and either oxaliplatin (FOLFOX) or irinotecan (FOLFIRI), which achieves
a median survival of up to 20 months, but the 5-year survival rate does not exceed
10%.%* Addition of biologic agents, such as bevacizumab or cetuximab, can improve
the survival outcomes when compared with chemotherapy alone.*> However, there
is an unmet therapeutic need for patients with metastatic CRC who progress despite
treatment with standard first-line, second-line, and third-line therapies. Here we report
a case of refractory metastatic CRC with disease that progressed to liver and lung
metastases after liver metastasectomy, third-line chemotherapy, and treatment with
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two biologic agents. This patient was started on a novel
multikinase inhibitor, regorafenib, which was approved by
the US Food and Drug Administration in 2012 and also by the
Department of Health in Taiwan, in 2013 to treat refractory
metastatic CRC.

Case report

A 66-year-old male visited our outpatient clinic with the
complaints of post-prandial abdominal fullness, change
in bowel habit, and small caliber stool for several months.
He had no particular medical diagnosis, but family history
revealed that his father had had colon cancer. Physical
examination did not show specific findings. Colonoscopy
revealed a circumferential tumor with a narrow lumen at
the descending colon, and the pathologic biopsy showed
adenocarcinoma. Abdominal computed tomography showed
focal wall thickening with adjacent fat plane infiltration in
the distal descending colon. The patient was clinically diag-
nosed with descending colon cancer, Union Internationale
Contre le Cancer stage IIIB, based on the images and
pathologic report. The carcinoembryonic antigen level was
36.6 ng/mL at diagnosis. Curative surgery was performed,
and a post-resected specimen showed metastatic lymphade-
nopathy under histologic examination. The final pathologic
stage was Union Internationale Contre le Cancer stage 111B,
T3N1aMO. Postoperative adjuvant chemotherapy with a
regimen of capecitabine plus oxaliplatin (XELOX regimen)
was prescribed for the patient.

After adjuvant chemotherapy, hepatic metastases were
continuously suspected after a series of radiologic imaging
examinations and elevated levels of carcinoembryonic anti-
gen found during follow-up. Systemic chemotherapy with
biweekly FOLFIRI (180 mg/m? dose of irinotecan) plus
cetuximab 500 mg/m? (the patients was identified as KRAS
wild-type according to the tumor specimen) was admin-
istered to the patient in the following therapeutic period.
During this time, liver metastasectomy was also performed
after a partial response was achieved with FOLFIRI plus
cetuximab. However, lung metastases developed 6 months
after the liver metastasectomy was performed. Subsequently,
second-line systemic chemotherapy for this patient was
shifted to biweekly FOLFIRI (180 mg/m? dose of irinotecan)
plus bevacizumab 5 mg/m? for 12 cycles. Unfortunately,
recurrent liver metastatic tumors and progressively elevated
carcinoembryonic antigen levels (up to 708.09 ng/mL)
were noted after 6 months of FOLFIRI plus bevacizumab
therapy. Despite third-line chemotherapy with FOLFOX4
(85 mg/m? dose of oxaliplatin) plus bevacizumab 5 mg/m?,

progressive disease was observed in this patient after four
cycles of treatment.

Finally, this patient received FOLFIRI plus a newly
approved biologic agent, regorafenib, in the fourth-line set-
ting and had a partial response of distant metastases. The
hepatic metastases were stable, but the pulmonary metastases
improved (Figure 1A and B). In addition, the carcinoembry-
onic antigen level dropped markedly from 708.09 ng/mL
to 97.42 ng/mL after addition of regorafenib to FOLFIRI.
Regorafenib was administered to the patient at a dose of
160 mg daily for the first 21 days of each 28-day cycle.

In regard to the escalating dose of irinotecan in the
FOLFIRI regimen, genomic DNA extracted from the patient’s
peripheral blood was subjected to polymerase chain reaction
sequencing of the promoter region of the uridine diphosphate
glucuronosyltransferase (UGT)1A41 gene. The (TA)n repeat of
this patient’s gene showed 6/6 repeats. In light of our previous
UGTIAI genotyping studies,®’ the patient was treated with
an initial 180 mg/m? dose of irinotecan, administered over
2 hours on day 1 followed by leucovorin (200 mg/m? as an
intravenous infusion over 2 hours) and 5-fluorouracil (400
mg/m? as an intravenous bolus infusion followed by a 2,400
mg/m? intravenous infusion over a 46-hour period), repeated
every 2 weeks. The dose of irinotecan was gradually escalated
up to 290 mg/m? (180, 210, 240, 260, 290 mg/m?) with a
20-30 mg/m? increment every two cycles of treatment, with

Figure | Abdominal computed tomography showing stable hepatic metastases
(black arrow) but improved pulmonary metastases (black arrow) in our patient
before (A) and after (B) treatment with FOLFIRI with irinotecan dose escalation
plus regorafenib.

Abbreviation: FOLFIRI, irinotecan.
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acceptable adverse events for this patient. The therapeutic
results were promising, with improvement in liver and
pulmonary metastases being defined as stable disease and
partial response, respectively; progression-free survival
was longer than 6 months. The adverse events of FOLFIRI
plus regorafenib were grade 2 hand-foot skin reaction and
grade 1 fatigue.

Discussion
Irinotecan is converted to its active form, 7-ethyl-10-
hydroxycamptothecin (SN-38), in vivo, and exerts its
cytotoxicity on dividing cancer cells. SN-38 is then further
metabolized into an inactive metabolite, SN-38G, by the
enzyme UDP-glucuronosyltransferase (UGT) in the liver.?
Glucuronidation of SN-38 to SN-38G is a decisive step in
the metabolism and detoxification of irinotecan. However,
genetic polymorphisms of the UGT1A41 gene can alter the
glucuronidation of SN-38 and as such have a major influ-
ence on the pharmacokinetics and toxicity of irinotecan.’
The number of TATA box sequences in the UGTIAI pro-
moter alters the UGTIAI gene activity,'® with 6TA repeats
representing the most common allele of the UGTIAI gene
(UGTI1AI*1, wild-type), and 7TA repeats representing a
variant allele (UGT1A1%28, mutant). The recommended dose
of irinotecan in the FOLFIRI regimen is 180 mg/m? every
2 weeks. However, this dose is insufficient for patients with
the UGTIAI*1 allele and contributes to a poorer clinical
outcome.'"> Our previous study demonstrated that patients
receiving escalated doses of irinotecan achieved a better
clinical response and outcome without significant adverse
events.” Furthermore, the role of irinotecan dose escalation is
relatively more important in Asian races because they inherit
the UGT1A41%28 allele less often than Caucasians.'>!?
Regorafenib, a novel multikinase inhibitor targeting angio-
genic, stromal, and oncogenic receptor tyrosine kinases, was
developed and approved by the US Food and Drug Admin-
istration in September 2012 to treat patients with metastatic
CRC who had failed to respond to FOLFOX, FOLFIRI,
monoclonal anti-vascular endothelial growth factor, and
anti-epidermal growth factor receptor pathway therapies.
Regorafenib inhibits both intracellular and membrane-bound
receptor tyrosine kinases, which are integral to angiogenesis,
oncogenesis, and tumor growth/proliferation signaling.'* The
Phase III Regorafenib Monotherapy for Previously Treated
Metastatic Colorectal Cancer trial enrolled heavily pretreated
patients with metastatic CRC like our reported case. A signifi-
cant difference in the disease control rate, progression-free
survival time, and an overall survival benefit for patients with

metastatic CRC treated with regorafenib was demonstrated
(41% versus 15%, P<<0.001; 1.9 versus 1.7 months, P<<0.001;
6.4 versus 5.0 months; P=0.0052, respectively).'”” The most
commonly observed = grade 3 adverse events include hand-
foot skin reaction, fatigue, hypertension, rash, and diarrhea.'®
Two of the common side effects, ie, hand-foot skin reaction
and fatigue, were also observed in our patient. Moreover, the
active metabolite of irinotecan, SN-38, is predominantly con-
verted to an inactive metabolite, SN-38G, by glucuronidation.
As regorafenib is a strong inhibitor of glucuronosyltransferase
in the liver, there is a potential role for pharmacokinetic inter-
action between irinotecan and regorafenib.!” Therefore, rego-
rafenib might have a synergic effect with irinotecan and may
enhance its cytotoxic capabilities. Using the combination of
FOLFIRI (with irinotecan dose escalation) plus regorafenib,
dual advantages can be anticipated, one being the synergic
effect of regorafenib with irinotecan, and the other being
the dose escalation of irinotecan by UGT1A1 genotyping to
achieve the most beneficial therapeutic outcome. Our patient
with refractory metastatic CRC still had a partial response
and progression-free survival for 6 months and longer with
the combination of regorafenib and FOLFIRI (with escalated
doses of irinotecan).

In conclusion, FOLFIRI (with irinotecan dose escalation)
plus regorafenib has shown promising results in this patient
with advanced and treatment-refractory disease after third-
line of treatment. However, a large sample size study is
needed to highlight the potential advantage of combining
FOLFIRI and regorafenib.
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