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Purpose. The aim of this study was to evaluate the role of KRAS status in
patients with metastatic colorectal cancer (mCRC) who received regora-
fenib plus irinotecan dose-escalated folinic acid, fluorouracil, and irinote-
can (FOLFIRI) as a salvage therapy.

Methods. Between October 2013 and June 2017, 21 patients with mCRC
from a single institution were retrospectively reviewed for their clinical
features and the efficacy of regorafenib plus irinotecan dose-escalated
FOLFIRI as a salvage therapy. Patients’ progression-free survival (PFS),
overall survival (OS), and subgroup analysis results were compared among
KRAS categories.

Results. The median follow-up period was 10.0 months (1.3-38.6 months),
and the median PFS and OS of all patients were 7.0 and 10.0 months, re-
spectively. The disease control rate (DCR) was 61.9%, comprising 9.5%
of partial response and 52.4% of stable disease. Regarding outcomes, pa-
tients with wild-type KRAS tumors exhibited a trend toward a better me-
dian PFS (7.0 vs. 5.5 months, p = 0.494) and OS (13.0 vs. 9.5 months, p =
0.249) compared with those with mutant-type KRAS tumors, although this
result was not statistically significant. The subgroup analysis conducted
according to KRAS status also revealed no significant correlation with the
patients’ sex, age, UGTIAI status, irinotecan dosage, treatment response,
DCR, and hand-foot syndrome occurrence rate.

Conclusions. The combination therapy of regorafenib plus FOLFIRI may
yield a promising DCR and prominent median PFS and OS. The regora-
fenib plus irinotecan-based regimen had favorable clinical outcomes in
patients with wild-type KRAS mCRC, although the result was not statisti-
cally significant.

[J Soc Colon Rectal Surgeon (Taiwan) 2018;29:35-44]

olorectal cancer (CRC) is the third most com-
mon cancer worldwide, and approximately 20%-
25% of patients have metastases at the time of diagno-

sis." Although this disease is potentially curable with
complete surgical resection, up to 50%-60% of pa-
tients eventually progress to metastatic CRC (mCRC)
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and require additional systemic therapies.” The pre-
sent chemotherapy for mCRC, such as 5-fluorouracil
(FU)/leucovorin (LV) combined with either oxalipla-
tin (FOLFOX) or irinotecan (FOLFIRI), yields a me-
dian overall survival (OS) of approximately 20 months,
with the 5-year survival rate not exceeding 10%.’ The
recent introduction of biological therapies combined
with chemotherapies has yielded improved oncolo-
gical outcomes, with a median OS of approximately 30
months.*

Regorafenib, a novel oral multikinase inhibitor,
targets stromal, angiogenic, and oncogenic receptor
tyrosine kinases (RTKs) and inhibits intracellular and
membrane-bound RTKs involved in angiogenesis,
oncogenesis, and tumor proliferation.” The COR-
RECT and CONCUR trials have demonstrated that
oral regorafenib monotherapy differed significantly
from placebo treatment in terms of disease control rate
(DCR; 41% vs. 51%), progression-free survival (PFS;
1.9 vs. 3.2 months), and OS (6.4 vs. 8.4 months) for
previously treated mCRC.5%’

The active form of irinotecan (7-ethyl-10-hydro-
xycamptothecin, SN-38) is metabolized by the poly-
morphic enzyme UGT1A1, and individuals who are
homozygous for the UGTIA1*28 allele have de-
creased enzymatic activity and an increased risk of
gastrointestinal and hematologic toxicity when recei-
ving an irinotecan-based regimen.® The US Food and
Drug Administration-approved label recommends
testing for the presence of the UGT1A1%*28 allele and
reducing the initial irinotecan dose in individuals who
are homozygous for this allele in order to reduce the
associated toxicity.

KRAS mutations are observed in approximately
46% of patients with mCRC and have a negative prog-
nostic role in CRC.? Studies have reported that active
KRAS mutations result in resistance to epidermal growth
factor receptor (EGFR) inhibitors.!%?* In such patients,
vascular endothelial growth factor (VEGF) inhibitors,
such as bevacizumab, are another beneficial biologi-
cal therapy. Moreover, the efficacy of the antiangio-
genic agent bevacizumab alone or in combination with
chemotherapy appears to not be influenced by KRAS
status.” A retrospective exploratory analysis performed
in the CORRECT trial revealed beneficial effects of

regorafenib monotherapy on OS and PFS across all
patient subgroups, irrespective of KRAS status.”* Our
previous study revealed a favorable efficacy of rego-
rafenib plus irinotecan dose-escalated FOLFIRI as a
salvage therapy for patients with mCRC.?* According
to our review of the relevant literature, the influence
of KRAS status on patients with mCRC who received
regorafenib plus FOLFIRI remains unknown; there-
fore, the objective of this study was to determine this
influence.

Materials and Methods
Patient selection

In this retrospective study, 21 patients with pro-
gressive mCRC who were previously treated with
FOLFOX, FOLFIRI, monoclonal anti-VEGF anti-
bodies, and monoclonal anti-EGFR antibodies if KRAS
wild-type tumors were identified were recruited from
a single institution between October 2013 and June
2017. The genomic DNA of these patients was ex-
tracted from the peripheral blood and subjected to
polymerase chain reaction sequencing for genotyping
the promoter region of UGTIAI, as described else-
where.?® The study protocol was approved by the in-
stitutional ethics committees [KMUHIRB-2014-03-
16(1I)] and was conducted in accordance with the 1964
Declaration of Helsinki (2008 revision). Written in-
formed consent was obtained from all patients.

Regimen of chemotherapy and target therapy

For each patient, regorafenib plus irinotecan dose-
escalated FOLFIRI according to UGT1A41 genotyping
was administered. All the patients began with the com-
bination therapy with regorafenib plus FOLFIRI not
the monotherapy with regorafenib until the patient
was unable to tolerate the AEs or declined to receive
the FOLFIRI regimen. Because severe hand-foot syn-
drome developed frequently in patients receiving oral
regorafenib at 160 mg/day (for 21 days at a 7-day in-
terval), the dosage was adjusted to 120 mg/day daily.
If severe regorafenib-related adverse events (AEs)



Vol. 29, No. 1

Role of KRAS Mutation and Metastatic Colorectal Cancer in the Regorafenib Plus FOLFIRI Regimen 37

such as hand-foot syndrome persisted, regorafenib
was discontinued until the AEs subsided. Further-
more, according to our previous clinical results," pa-
tients with UGT1A41*1/*1 and UGT1A1*1/*28 geno-
types were initially administered a standard irinotecan
dose of 180 mg/m? and those with the UGTI1A41%28/
*28 genotype were administered an irinotecan dose of
120 mg/m?. Irinotecan was administered for over 2
hours on day 1, followed by 5-FU (2,800 mg/m? intra-
venously infused for over 46 hours in a 2-week cycle).
For all patients, the irinotecan dose was increased by
30 mg/m? every 2 cycles until > grade 3 AEs or severe
irinotecan-related AEs developed (mainly diarrhea
and neutropenia), following which the dose was re-
verted to and maintained at the previously tolerated
level.

Clinicopathological features and response
evaluation

The clinicopathological features analyzed in this
investigation included the patients’ sex, age, UGTIA41
status, irinotecan dosage, treatment response, DCR,
and hand-foot syndrome occurrence rate. The treat-
ment response was radiologically assessed every 8
weeks through computed tomography, magnetic reso-
nance imaging, or positron emission tomography. Ob-
jective responses were classified according to the Re-
sponse Evaluation Criteria in Solid Tumors,?” and op-
timal treatment responses were recorded. The National
Cancer Institute’s Common Terminology Criteria for
Adverse Events (version 3.0) were used for evaluating
the treatment-associated AEs. The regorafenib plus
irinotecan dose-escalated FOLFIRI regimen was
stopped if progressive disease occurred.

DNA extraction and KRAS direct sequencing

Genomic DNA was isolated from frozen primary
CRC tissues through proteinase-K (Stratagene, La
Jolla, CA, USA) digestion and phenol/chloroform ex-
traction, as described previously by Sambrook et al.?®
The designed sequences of the oligonucleotide prim-
ers for KRAS exons 2-4 and the operational procedure
of direct sequencing were based on those reported in

our previous studies.?**

PFS and OS

The correlations between PFS and OS were esti-
mated. PFS was defined as the period after primary
surgery during which a patient survives with no dis-
ease progression. OS was defined as the time elapsed
between the primary surgery and death of a patient
due to any cause.

Statistical analysis

Continuous variables are presented as means +
standard deviations, and dichotomous variables are
presented as numbers and percentage values. All sta-
tistical analyses were performed using the Statistical
Package for Sciences (version 19.0, SPSS, Inc., Chi-
cago, IL, USA). According to KRAS status, patients
were categorized into awild- or mutant-type KRAS
group. The clinicopathological characteristics of the
wild- and mutant-type KRAS groups were compared
using the Pearson chi-squared test, and the survival
rates were estimated using the Kaplan-Meier method.
The log rank test was used to determine the differ-
ences. A p value of < 0.05 was considered statistically
significant.

Results

Table 1 present the patients’ demographic patient
data. This study included 21 patients (14 men and 7
women), with a median age of 62.0 years (33-77
years). Of the 21 patients, 13 had liver metastasis, 11
had lung metastasis, 4 had peritoneal metastasis, 1 had
neck lymph node metastasis, and 8 had two metastatic
sites. Moreover, 10 and 11 patients had mutant- and
wild-type KRAS CRC, respectively. Furthermore, 20
patients had the UGT1A41*1/*1 genotype, and for these
patients, the highest prescribed irinotecan dose was
290 mg/m? (180-290 mg/m?); for the one patient who
had the UGT1A1%1/*28 genotype, the irinotecan dose
was maintained at 180 mg/m?. The present regimen
was administered to 10 and 11 patients as the third-
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Table 1. Demographic data of the study patients

Clinical characteristics Number of case

Gender
Male 14 (66.7%)
Female 7 (33.3%)
Median age (year) 62.0 (33-77)

Site of metastasis

Liver 13 (61.9%)

Lung 11 (52.4%)

Peritoneum 4 (19.0%)

Neck lymph nodes 1 (4.8%)
Number of sites of metastasis

1 13 (61.9%)

2 8 (38.1%)
KRAS status

Wild type 11 (52.4%)

Mutant type 10 (47.6%)
UGT1AL1 status

TAG6/TA6 20 (95.2%)

TAG6/TA7 1 (4.8%)
Dose escalation of irinotecan (mg/m?)

180 9 (42.9%)

210 1 (4.8%)

240 4 (19.0%)

260 4 (19.0%)

290 3 (14.3%)
Lines of systemic therapy

31 10 (47.6%)

4 10 (47.6%)

5t 1 (4.8%)

> Grade 3 AEs

Hand-foot syndrome 12 (57.1%)

Mucositis 6 (28.6%)
Diarrhea 5(23.8%)
Neutropenia 4 (19.0%)
Fatigue 3 (14.3%)
Best objective response

CR (complete response) 0

PR (partial response) 2 (9.5%)
SD (stable disease) 11 (52.4%)
PD (progressive disease) 8 (38.1%)

and fourth-line treatments, respectively. Patients in
the mutant-type KRAS group were first treated with
bevacizumab and FOLFIRI (irinotecan dose: 180 mg/
m?), followed by FOLFOX6 if disease progression oc-
curred, and they were administered regorafenib plus
irinotecan dose-escalated FOLFIRI as the third-line
treatment after FOLFOX®6 failure. For the wild-type
KRAS group, the first-line treatment was cetuximab

plus FOLFIRI without dose escalation and the sec-
ond-line treatment was FOLFOX6 followed by beva-
cizumab plus FOLFIRI without dose escalation. Fur-
thermore, FOLFOXIRI was administered to two of
nine patients as the fourth-line treatment before re-
gorafenib treatment was accepted for reimbursement
in the Taiwan National Health Insurance program. All
treatments were substituted only if disease progres-
sion occurred. The occurrence rates of previously en-
countered neutropenia and diarrhea were 15%-20%
and 18%-22%, respectively, with an irinotecan dose
of 180 mg/m?. The median length of a previous sal-
vage therapy was 13.4 months. The most commonly
encountered > grade 3 AE was hand-foot syndrome (n
=12, 57.1%), followed by mucositis (n = 6, 28.6%),
diarrhea (n = 5, 23.8%), neutropenia (n = 4, 19.0%),
and fatigue (n =3, 14.3%).

The median follow-up periods were 10.0 (1.3-
38.6 months) and 12.7 months (8.5-38.6 months) for
all patients and surviving patients, respectively. All
patients were followed until June 2017 or their death.
Of the 21 patients, 2 (9.5%) had a partial response
(PR), 11 (52.4%) had a stable disease, and 8 (38.1%)
had a progressive disease, yielding an overall DCR of
61.9%. The efficacy outcome of all patients yielded a
median PFS and OS of 7.0 and 13.0 months, respec-
tively [95% confidence interval (CI): 1.69-12.31 and
6.41-19.59, respectively; Fig. 1]. The wild- and mu-
tant-type KRAS groups exhibited no significant differ-
ences in terms of the median PFS (7.0 vs. 5.5 months,
p = 0.494) and median OS (13.0 vs. 9.5 months, p =
0.249; Fig. 2). The subgroup analysis conducted ac-
cording to KRAS status revealed no significant differ-
ences in the patients’ sex, age, UGTIA]I status, irino-
tecan dosage, treatment response, DCR, and hand-
foot syndrome occurrence rate (Table 2). Besides the
irinotecan escalating dose had no statistically signifi-
cant influence on patient’s PFS and OS.

Discussion

This study obtained a promising efficacy outcome
for the regorafenib plus irinotecan dose-escalated
FOLFIRI combination therapy compared with previ-
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Fig. 1. Kaplan-Meier survival analysis of 21 patients with
metastatic colon cancer, (A) progression-free sur-
vival and (B) overall survival.

ous studies on regorafenib monotherapy. Recent stu-
dies have reported a mean PFS and OS of approxi-
mately 2.6 (1.9-3.2 months) and 6.9 months (5.5-8.8
months), respectively, and a DCR of approximately
46% (41%-51%) for regorafenib monotherapy.®”' In
the present study, the combination therapy of regora-
fenib plus irinotecan dose-escalated FOLFIRI had a
longer median PFS and OS (7.0 and 13.0 months, re-
spectively) and a higher DCR (61.9%) than regora-
fenib monotherapy. The PFS and OS of the wild- and
mutant-type KRAS groups did not differ significantly;
however, the wild-type KRAS group exhibited a fa-
vorable trend toward higher PFS and OS rates.
Various clinical outcomes and AEs have been ob-
served in patients receiving the recommended irinote-
can dose of 180 mg/m? (biweekly) in combination with

Progression-free Survival Kras
(A) ~WT
1o - -MT
0.8
@ WT= 7.0 months
S o5 95% Cl: 0.53-13.47
S
Zg MT = 5.5 months
T 0w 95% Cl: 0.63-10.37
K
o
& P value=0.494
0
0.0
T T T T T T
00 5.00 10.00 15.00 2000 2500
No. atrisk : Months after treatment
KRAS WT 11 6 5 3 1
KRAS MT 10 6 2
Overall Survival Kras
(B) v
1.0 -4 -MT
08
@ WT=13.0 months
8 06 95% Cl: 7.84-18.16
o
g MT = 9.5 months
B i 95% Cl: 2.80-16.20
E-1
[
o P value=0.249
0
0.0
T T T T T T T T T
00 500 1000 15.00 2000 25.00 3000 3500 4000
No. atrisk : Months after treatment

KRASWT 11 10 7 4 3 1 1 1
KRASMT 10 6 4 2

Fig. 2. Kaplan-Meier survival analysis according to KRAS
status, (A) progression-free survival and (B) overall
survival. WT: wild-type, MT: mutant-type.

the FOLFIRI regimen. In patients with wild-type
UGTIAI status, SN-38 is more efficiently metabo-
lized and AEs are favorably tolerated. By contrast, pa-
tients with mutant-type UGTIA]I status, particularly
those homozygous for the UGTIA1*28 allele, may
experience severe AEs under the recommended iri-
notecan dose of 180 mg/m?, necessitating irinotecan
dose reduction or even complete withdrawal.®32-34
Therefore, the irinotecan dose should be adjusted ac-
cording to UGT1AI status for reducing the number of
AEs and achieving optimal oncological results. So far
there was no large-scale randomized control trials con-
firmed the efficacy of escalating irinotecan dose. Lu et
al. in 2014 reported irinotecan dose escalation plus
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Table 2. KRAS status-based subgroup analysis of the clinical features of the study patients

KRAS wild type KRAS mutant type p-value
Number of patients 11 10
Gender 0.757
Male 7 (63.6%) 7 (70%)
Female 4 (36.4%) 3 (30%)
Age (y/o) 0.466
> 65 5 (45.5%) 3 (30%)
<65 6 (54.5%) 7 (70%)
UTT1AL status 0.283
TA6/TA6 11 (100%) 9 (90%)
TA6/TA7 0 1 (10%)
Dose escalation of irinotecan (mg/mz) 0.367
180 3 (27.3%) 6 (60%)
210 0 1 (10%)
240 3 (27.3%) 1 (10%)
260 3 (27.3%) 1 (10%)
290 2 (18.1%) 1 (10%)
Response 0.359
CR 0 0
PR 2 (18.1%) 0 (0%)
SD 5 (45.5%) 6 (60%)
PD 4 (36.4%) 4 (40%)
DCR (disease control rate) 0.864
CR+PR+SD 7 (63.6%) 6 (60%)
PD 4 (36.4%) 4 (40%)
Hand-foot syndrome 0.466
> grade 3 5 (45.5%) 3 (30%)
< grade 3 6 (54.5%) 7 (70%)

bevacizumab as first-line chemotherapy for metastatic
colorectal cancer improved the median PFS with tol-
erable AEs.? Phelip et al. in 2016 reported high-dose
FOLFIRI combined with cetuximab yielded high re-
sponse rates and enabled complete resection of class
IT hepatic metastases in most patients. It seemed to be
well-tolerated among healthy selected patients thanks
to irinotecan dose adaptation according to UGT1A1
pharmacogenomics status.** Besides, in our previous
study, 13 patients with mCRC were treated with re-
gorafenib plus FOLFIRI (irinotecan dose escalation
according to UGTIA1 status) in 2016, which yielded a
median PFS and OS of 9.5 and 13.0 months, respec-
tively, and a DCR of 69.2%; this finding indicates that
the regimen is a clinically effective therapy that yields
favorable oncological results and acceptable toxicities
in patients with mCRC who have previously received
intensive treatments.*

KRAS mutations are observed in 35%-42% of pa-

tients with CRC, rendering it the most frequently ob-
served genetic alteration in this patient population.®®
To date, the data from several clinical trials have shown
that active KRAS mutations are negative predictors of
the clinical benefit of anti-EGFR therapies in patients
with mCRC.

Regorafenib is an orally administered multikinase
inhibitor that blocks a series of protein kinases in-
volved in angiogenesis (VEGF receptors 1-3 and tyro-
sine receptor kinase-2), oncogenesis (KI/7, RET, RAF 1,
BRAF, and BRAF V600E), and the tumor microen-
vironment (platelet-derived growth factor receptor
and fibroblast growth factor receptor). Camaj et al. re-
ported that KRAS exon 2 mutations may reduce the
antitumor effects of regorafenibin the SW48 CRC cell
line.?” Ohta et al. reported the successful treatment of
patients with mutant-type KRAS colon cancer by us-
ing regorafenib.*® In the CORRECT trial, 57% of pa-
tients had KRAS mutations. The subgroup analysis of
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the CORRECT trial revealed a survival benefit across
all subgroups, regardless of their KRAS status [wild-
type: hazard ratio (HR) = 0.65, 95% CI: 0.48-0.80;
mutant-type: HR = 0.87, 95% CI: 0.67-1.12)]. How-
ever, KRAS status was not a predictor of OS or PFS as-
sociated with regorafenib.® In the CONCUR trial,
70% of patients were assessed for KRAS status and
21% were analyzed for BRAF mutation status. Neither
KRAS nor BRAF was found to be a predictor of treat-
ment response to regorafenib. The KRAS status of pa-
tients with mCRC treated with regorafenib appears to
be a modest predictor of treatment response, but the
results remain controversial. According to our review
of the relevant literature, until now, no study has re-
ported the influence of KRAS status on patients with
mCRC who received the regorafenib plus irinotecan-
based combination therapy. Our study results indicate
that KRAS status is not a predictive factor in patients
with mCRC treated with the regorafenib plus irinote-
can-based regimen. The limitations of the present study
its relatively small sample size and its retrospective
and nonrandomized design. Therefore, a prospective,
randomized large-scale study is warranted to validate
the present findings.

Conclusions
The combination therapy of regorafenib plus
FOLFIRI may yield a promising DCR and prominent
median PFS and OS. The clinical outcomes of the
wild- and mutant-type KRAS groups who received the

regorafenib plus irinotecan-based therapy did not ex-
hibit significant differences.
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