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Abstract

Recently, the sidedness of the primary tumor (right versus left) has been investigated for its ability to
prognosticate and predict outcomes. We evaluated the effect of regorafenib based on KRAS
mutation status and the sidedness of the primary tumor in patients with metastatic colorectal cancer
(mCRC). We analyzed 135 patients with refractory metastatic colorectal cancer (mCRC) being
treated with regorafenib at Samsung Medical Center, between January 2014 and January 2018.
Primary tumors originating in the splenic flexure, descending colon, sigmoid colon, rectum, or
proximal third of the transverse colon were defined as left-sided CRC (LC). Primary tumors
originating in the appendix, cecum, ascending colon, hepatic flexure, or distal two-thirds of the
transverse colon were defined as right-sided CRC (RC). Among all 135 patients, 100 (74.1%) had left
sided colon cancer and 35 (25.9%) had right-sided colon cancer. No patients achieved a complete
response, but four achieved a partial response, revealing a response rate (RR) of 3.0%. Thirty-seven
patients had stable disease, yielding a disease control rate (DCR) of 30.4%. There was no difference
in RR or DCR according to the location of the primary tumor (LC vs. RC). A significant difference in
progression free survival (PFS) with regorafenib was observed between the LC and RC groups (2.6
months; 95% CI, 2.0 to 3.1 vs. 1.9 months; 95% CI, 1.6 to 2.3; P = 0.04, respectively). In a
subpopulation with wild type KRAS, PFS with regorafenib was also significantly different between
the LC and RC groups (2.9 months; 95% Cl, 1.5 to 4.3 vs. 2.1 months; 95% Cl, 0.6 to 3.6; P = 0.04).
On multivariate analysis, the sidedness of the primary tumor (LC vs. RC) and the number of
metastatic sites (<1 vs. 2>) had a prognostic effect on PFS (P = 0.01 and P = 0.01, respectively).
Regorafenib is a current standard treatment for CRC, but treatment outcomes may be improved if
regorafenib is administered based on the appropriate biomarker-.
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Introduction

The prevalence of colorectal cancer (CRC) is
gradually increasing, and the mortality of metastatic
CRC (mCRC) is also increasing in worldwide [1]. The
treatment for mCRC is systemic chemotherapy
including 5-fluoropyrimidines (5FU), oxaliplatin,
irinotecan and molecularly targeted agents such as
anti-VEGF and anti-EGFR inhibitors [2-4]. However, a
large number of patients still experience disease prog-
ression after treatment with available chemotherapies.

Regorafenib is a novel oral multi-kinase inhibitor

that blocks the activity of several protein kinases,
including kinases involved in the regulation of tumor
angiogenesis, oncogenesis, and the tumor microenvir-
onment [5]. Regorafenib has roles in wide ranges of
angiogenic factors, the tumor microenvironment and
oncogenic kinase. A novel phase III trial (CORRECT)
announced that further treatment with regorafenib is
acceptable for patients with mCRC that is refractory
to standard chemotherapies. The CORRECT trial
demonstrated an improvement in overall survival
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(OS) among regorafenib-treated patients in
comparison to those randomized to receive best
supportive care after disease progression while on
standard therapy (6.4 versus 5.9 months, respectively)
[6]. Another phase III trial in Asian patients with
refractory mCRC also reported improved OS with
regorafenib compared to placebo. These findings have
provided evidence for regorafenib to be used as a new
line of therapy in refractory mCRC patients [7].
However, the identification and confirmation of novel
biomarkers is required so that regorafenib can be
selectively targeted to responsive mCRC patients.

Assessing the sidedness of primary tumors is a
novel theme in the study of colorectal cancer. There
are many differences in molecular features between
left and right-sided colon cancer. Recently, the
sidedness of the primary tumor (right versus left side)
has been investigated for its role in helping
prognosticate and predict outcomes. The CRYSTAL
and FIRE-3 studies examined the potential prognostic
and predictive value of primary tumor location in
mCRC patients with wild type KRAS being treated
with FOLFIRI alone or in combination with cetuximab
or bevacizumab [8, 9]. In patients treated with
bevacizumab-containing chemotherapy, there was no
difference in PFS based on the primary tumor
location. Tumor location within colon cancer is known
as a strong predictor of PFS with cetuximab therapy
[10, 11].

Herein, we evaluated the effect of regorafenib
according to KRAS mutation status and the sidedness
of the primary tumor in mCRC patients.

Materials and Methods

Patients

We analyzed 135 refractory mCRC patients
treated with regorafenib at Samsung Medical Center,
Seoul, Korea, between January 2014 and January 2018.
All patients had previously received fluoropyrim-
idines (FU), oxaliplatin, and irinotecan with biologic
agents like cetuximab or bevacizumab. The clinical
and pathological records were analyzed respectively.
The following clinical data were gathered: age,
gender, disease status, primary colon cancer site,
Kirsten-ras (KRAS) mutational status and information
on chemotherapy, performance status and survival.
The left side of the colon was defined as the proximal
third of the transverse colon, splenic flexure,
descending colon, sigmoid colon, and rectum and the
right side of the colon was defined as the cecum,
ascending colon, hepatic flexure and distal two-thirds
of the transverse colon [8, 12].

Regorafenib

Patients received oral regorafenib 160 mg once

daily for the first three weeks of each four-week cycle
until disease progression, death, or unacceptable toxic
effects. Generally, patients were followed up every
week during the first two cycles, then every two
weeks thereafter. All tumor measurements were
assessed after every two cycles of chemotherapy,
using computed tomography and other tests that
were used initially in tumor staging.

Statistical Methods

Descriptive statistics were reported as proport-
ions and medians. Treatment outcomes were response
rate (RR) and progression-free survival (PFS). The
response assessment was defined as complete
response (CR), partial response (PR), stable disease
(SD) and progressive disease (PD), based on the
RECIST criteria (version 1.1) [13]. PFS was defined as
the time from the initiation of bevacizumab-based
chemotherapy to the date of disease progression or
death from any cause. PFS was estimated using the
Kaplan-Meier method with log-rank analysis. A
two-sided p-value of less than 0.05 was considered
statistically significant. The X2-test or Fisher’s exact
test was used to compare categorical variables.
Two-sided null hypotheses of no difference were
rejected if p-values were less than 0.05, or
equivalently, if the 95% confidence intervals (Cls) of
risk point estimates excluded 1. Cox proportional
hazards regression modeling was employed in
univariate analysis to identify the significant,
independent, prognostic factors of various clinical
parameters for survival. All analyses were performed
using SPSS version 19.0 (SPSS Inc., Chicago, IL, USA).

Results

Patients

The baseline characteristics of the 135 patients
based on the sidedness of the primary tumor are
shown in Table 1. Among the 135 patients, 100 (74.1%)
had LC, and 35 (25.9%) had RC. KRAS mutation
status was available in 120 patients (88.9%), and MSI
status was available in 71 patients (52.6%). Patient
characteristics were generally similar between RC and
LC groups.

Treatment efficacy

No patients achieved CR, yet four achieved PR,
yielding a RR of 3.0%. Thirty-seven patients had SD,
producing a disease control rate (DCR) of 30.4%
(Table 2). There was no difference in RR or DCR based
on the location of the primary tumor (LC vs. RC). The
median PFS for regorafenib was 2.4 months (95% CI,
2.0 to 2.8) (Figure 1A). A significant difference in PFS
was observed between LC and RC groups (2.6
months; 95% CI, 2.0 to 3.1 vs. 1.9 months; 95% CI, 1.6
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to 2.3; P = 0.04, respectively) (Figure 1B). There was no
observable difference in PFS according to KRAS status
(Figure 2A). In a subpopulation with a KRAS
mutation, there was no significant difference in PFS
with regorafenib between the LC and RC groups (2.0
months; 95% CI, 1.5 to 2.5 vs. 1.9 months; 95% CI, 1.5
to 2.0, P = 075) (Figure 2B). However, in a
subpopulation with wild type KRAS, PFS with
regorafenib was significantly different between the
LC and RC groups (2.9 months; 95% CI, 1.5 to 4.3 vs.
2.1 months; 95% CI, 0.6 to 3.6; P = 0.04) (Figure 2C).

Prognostic analysis

Prognostic analyses for PFS with regorafenib are
displayed in Table 3. In univariate analysis, the
sidedness of the primary tumor (LC vs. RC) and the
number of metastatic sites (<1 vs. 2>) had a prognostic

effect on PFS. In multivariate analysis, these two
factors still had a prognostic effect on PFS (sidedness
of primary tumor, hazard ratio [HR], 1.71; 95% CI,
1.13 to 2.59; P = 0.01, number of metastatic sites, HR,
1.71; 95% CI, 1.13 to 2.57; P = 0.01, respectively).

Discussion

The current study sought to investigate treatme-
nt outcomes of regorafenib according to the sidedness
of the primary tumor and the KRAS mutation status
in refractory mCRC patients. This analysis revealed
that LC group had better PFS than RC (2.6 months
va.1l.9 months, p=0.04). In a subpopulation with wild
type KRAS, PFS with regorafenib was also
significantly different between the LC and RC groups
(2.9 months, vs. 2.1 months; P = 0.04).
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Figure 1. Kaplan-Meier estimate of progression-free survival (PFS) in mCRC patients with regorafenib A and between LC and RC groups B.

A B

KRAS-Mutant C

KRAS-Wild
'\.0""\_‘ 107 1077
\':H LY
08 L'l 08+ | i
_\ ,L 08" |
\ — KRAS-WI : 28 (2.0-36) mo l 1‘
= \ 1 KRAS-Mutant :2.0 (1.6-2.3) mo = c
7 ! 7 —Lef-sided CRC: 20(15-25) mo @ 1 _ Lefl-sided CRC: 28 (1.5-4.3) mo
o oe+ | P {log rank) =0.360 . o064 l " Right-sided CRC : 1.9 (1.6-2.1) mo & 0.6+ 1 -4 Right-sided CRC : 2.1 (0.6-3.6) mo
z ! HR: 124 (0841 82) z I P (log rank) =0.751 z 1‘1 P log rank)=0.037
3 Ly £ ! g \
2 e 2 I ] e
£ \ ™y s 5
o 049 \- a 04 & 04
I
— L. 1
0.2 1, s 0.2 0.2 | L=
e B9 — L L
o 1 1
| I 4
g —y } Y
0 T T T T T T [ T T T T T T 00 T T T T T
2 4 6 8 10 1 2 4 [ 8 10 12 2 4 6 8 10
Time (months) Time (months) Time (months)

Figure 2. Kaplan-Meier analysis of PFS according to KRAS status A, tumor-sidedness in mutant type KRAS patients B and in wild KRAS patients C.

http://lwww.jcancer.org



Journal of Cancer 2019, Vol. 10

1614

Table 1. Patient characteristics according to tumor sidedness
(N=135)

Left sided CRC, Right sided CRC,

N (%) N (%) p-value i
Patient Number 100 (100.0%) 35 (100.0%)
Age 1.000
<65 83 (83.0%) 29 (82.9%)
265 17 (17.0%) 6 (17.1%)
Sex 0.558
Men 55 (55.0%) 17 (48.6%)
Women 45 (45.0%) 18 (51.4%)
ECOG 0.335
0 6 (6.0%) 4 (11.4%)
1-2 94 (94.0%) 31 (88.6%)
Disease status 1.000
Metastatic 67 (67.0%) 24 (68.6%)
Recurrent 33 (33.0%) 11 (31.4%)
KRAS mutation 0.146
Wild 53 (53.0%) 14 (40.0%)
Mutant 35 (35.0%) 18 (51.4%)
Unknown 12 (12.0%) 3(8.6%)
Number of previous systemic anticancer 0.326
therapies for metastatic disease
<3 46 (46.0%) 20 (57.2%)
>3 54 (54.0%) 15 (42.9%)
Metastatic site 0.828
1-2 71 (71.0%) 26 (74.3%)
>3 29 (29.0%) 9 (25.7%)

including regorafenib might be more potent in LC.
Regorafenib non-specifically binds to several
intracellular kinases with potent inhibitory activity
against vascular endothelial growth factor receptors
1-3 (VEGFR1, VEGFR2, and VEGFR3), PDGFRB,
FGFR1, RAF, and TIE2, and the mutant oncogenic
kinases KIT, RET, and BRAF [19]. However, this
concept needs the further investigation. Although this
study showed that a significant difference in progres-
sion free survival (PFS) with regorafenib was obser-
ved between the LC and RC groups. This study has
some limitations such as the retrospective natures, the
small sample size, the lack of consistency in patients’
follow-up and overall survival. Thus, findings in this
study must be interpreted with caution.

Table 3. Univariate analyses of PFS.

Univariate analyses Multivariate analyses

* CRC; colorectal cancer. Left side colon cancer: splenic flexure to proximal third of
the transverse colon. Right side colon cancer: cecum to distal two-thirds of the
transverse colon. t p value is calculated by chi-square test.

Table 2. Best overall response rate (RR) and disease control rate
(DCR) in patients receiving regorafenib

Total LC RC

N (%) N (%) N (%) p-value’
Response rate 4 (3.0%) 4 (4.0%) 0(0.0%) 0.573
(above PR)
Disease control rate 41 (30.4%) 34 (34.0%) 7 (20.0%) 0.092
(above SD)
PR 4 (3.0%) 4 (4.0%) 0(0.0%)
SD 37 (27.4%)  30(30.0%)  7(20.0%)
PD 90 (66.7%) 62 (62.0%) 28 (80.0%)
Not evaluable 4 (3.0%) 4 (4.0%) 0(0.0%)

* p value is calculated by chi-square test.

A number of differences have been established
between RC and LC. RCs are more likely to be exoph-
ytic, diploid, mucinous in histology, predominantly
MSI-H and contain RAS/RAF mutants, whereas LCs
are often infiltrating, aneuploid, present with obstruc-
tive symptoms, and have predominant chromosomal
instability [14-16]. Recently, gene expression profiles
showed that CRC subtypes were differently
distributed between RC and LC. In LC, VEGR-VEGFR
pathway and stromal pathway were activated more
abundantly as compared to RC [17, 18]. Tissue
expression of VEGF-A has also been demonstrated to
vary depending on the location of the primary tumor,
with higher expression observed in tumors from the
left side than in tumors on the right side. These
finding suggested that anti-angiogenetic agents

Parameter PFS Adjusted HR p- Adjusted HR  p-
(95% CI) value* (95% CI) value®

Age 0.143

<70 2400  1.604

>70 1.967  (0.852-3.018)

Sex 0.814

Male 2.800 1.044

Female 2100  (0.729-1.496)

PS (ECOG) 0.908

0 1.933  0.960

1-2 2533  (0.480-1.919)

Primary tumor location 0.042 0.012

Left 2567 1519 1.709

Right 1.933  (1.016-2.270) (1.127-2.592)

KRAS 0.280

Wild 2.800  1.237

Mutant 1.967  (0.841-1.822)

No. of Metastatic sites 0.037 0.011

<1 2.533 1.523 1.705

>2 1.933  (1.025-2.261) (1.132-2.566)

Previous anti-VEGF treatment 0.041

NO 2.833 1.720

YES 2233  (1.023-2.894)

Previous anti-EGFR treatment 0.605

NO 2.367  0.908

YES 2,633  (0.630-1.309)

Number of previous systemic anticancer 0.285

therapies

<3 2100 0.823

3> 2400  (0.576-1.176)

* Univariate and multivariate analysis to identify the significant, independent,
prognostic factors of various clinical parameters for survival is calculated by Cox
proportional hazards regression model.

The present study revealed that the objective RR
and the DCR were 3.0% and 30.4%, respectively.
These findings were consistent with previous phase
III trials for regorafenib. We also analyzed the RR and
DCR for regorafenib based on the sidedness of the
primary tumor. Although there was a small sample
size, there was no difference in RR or DCR between
LCand RC.
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KRAS is a proto-oncogene encoding a small 21
kD guanosine triphosphate/guanosine diphosphate
binding protein, and it is involved in regulating
cellular responses to extracellular stimuli [20, 21]. The
mutation status of RAS is a novel biomarker for
determining the use of anti-EGFR therapy [22, 23]. In
the present study, we analyzed the relationship
between the treatment outcome of regorafenib and the
KRAS mutation status. The role of the mutational
status of KRAS to effect for regorafenib is controv-
ersial. In CORRECT, there was no relation between
KRAS mutation status and outcomes of regorafenib.
However, in REBACCA, the mutational status of
KRAS mutation was one of poor prognostic factors for
survival. In current study, there was no significant
difference in PFS according to the mutational status of
KRAS. However, in subgroup analysis for patients
with the only wild type of KRAS, PFS to regorafenib
was also significantly different between the LC and
RC groups. The sidedness of primary tumor and the
mutational status of KRAS in CRC are regarded as
novel biomarkers to both the prognosis and the
prediction to molecularly targeted agents. However,
there was few data for the relation to between the
effect regorafenib and these biomarkers. More studies
must be investigated in the future to confirm this
concept.

In the period of the study, the national reimbur-
sement program didn’t cover the cost of testing NRAS
and HRAS mutation. Thus, we can’t evaluate the
status of NRAS, and HRAS mutation. However,
currently, this problem of the reimbursement
program is resolved because the Korean reimburse-
ment program started to cover the cost of next
generation sequencing (NGS) including KRAS,
HRAS, NRAS and BRAF from 2018.

RC and LC are now recognized to have distinct
clinical and genomic features; however, treatment
strategies considering molecular heterogeneity have
not been established. Our analysis suggests that
regorafenib a current standard treatment that may
have improved treatment outcomes if given based on
the appropriate biomarker.
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