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ABSTRACT

Objective: To investigate the outcomes of regorafenib treatment in refractory metastatic colorectal cancer (mCRC) patients by
primary tumour sidedness, the effects of previously targeted therapies, RAS status and inflammatory markers.

Study Design: Observational study.

Place and Duration of the Study: Department of Medical Oncology, Karadeniz Technical University, Faculty of Medicine,
Trabzon, Turkey, between January 2012 and September 2020.

Methodology: Clinical data of 102 mCRC patients treated with regorafenib were compared according to the right and left colon
subgroups, in terms of factors affecting outcomes of regorafenib treatment. Kaplan-Meier method was used to identify factors
associated with the overall survival.

Results: Disease control rate (DCR) with regorafenib were similar in both right and left-sided colon tumours (60% vs. 61%,
respectively, p>0.99). The median overall survival (OS) was 6.6 months in patients with right-sided colon cancers and 10.1
months in patients with left-sided colon cancers, but it was not significant (p=0.238). When evaluating by RAS status, there was
an increase in favour of the right-sided mCRC in progression-free survival and OS, without statistical significance. In multivariate
analysis, the patients with metastatic sites <3 and the number of prior systemic therapies <3 line had significantly higher
survival.

Conclusion: The tumour burden affected the response to regorafenib in subsequent treatments and regorafenib was also effec-
tive in heavily treated mCRC patients. There was no difference in PFS and OS in terms of tumour sidedness by regorafenib treat-
ment.
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INTRODUCTION

Colorectal cancer (CRC) is the 4th most common cancer and
ranks 3" in cancer-related deaths worldwide despite screening
methods.' About 20% of colorectal cancer patients are diag-
nosed in the metastatic stage.” With advances in treatment in
the last two decades, the overall survival rate for metastatic
CRC (MCRC) has exceeded 30 months.>* Many patients can
receive at least 2™ line therapy. For 1¥ line therapy, tumour
response rates are 30-60%, while for 2" line therapy they drop
t05-10%.> Treatmentselectionisbasedon patientscharacteris-
tics, tumoursidedness, molecular tests including RAS mutation
and BRAF mutation and Eastern Cooperative Oncology Group-
Performance Status (ECOG-PS).
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Standard treatment options in 1*and 2™ line therapy for mCRC
patients include combinations of targeted therapies [eg. anti
vascular endothelial growth factor (VEGF) and anti-epidermal
growth factor receptor (EGFR) agents for RAS wild-type
patients] with fluoropyrimidine, oxaliplatin or irinotecan-based
chemotherapy.

Another important consideration in deciding treatment in the
primary and secondary setting is primary tumour location.
Evidence suggests that right-sided (RS) colon cancer patients
have the worst outcomes. Although the optimal treatment
sequence is still under debate, in a meta-analysis of three main
trials, the survival benefit in RS RAS wild-type colon cancer was
significantly higher with an EGFR inhibitor than with beva-
cizumabandpatientswithRScolontumoursbenefitedfrombeva-
cizumab withalongersurvival trend that did not reach statistical
significance.®

Many patients have good performance status after the progres-
sion of two lines of therapy and most of them need further treat-
ment. Therefore, treatment options for mCRC beyond 2™ line
treatmentareimportant. Currently, regorafenib and trifluridine /
tipiracil are recommended for 3 line treatment of mCRC. In
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Turkey, of these two agents, only regorafenib is eligible. Rechal-
lenge is another option, but only for patients in whom
chemotherapy was discontinued for reasons otherthan progres-
sion.” The ongoing FIRE -4 trialis evaluating arechallenge withan
anti-EGFRinthethird-linesetting.?

Regorafenib has a broad kinase inhibition profile with its antian-
giogenic,anti-immunosuppressive,antiproliferativeandantime-
tastatic properties. In several phase lll studies, regorafenib
provided significant progression-free survival (PFS) advantage
and disease stabilisation in mCRC patients. Nevertheless, the
response rates and tumour regression rates were low in these
trials. These results seem to be more indicative of a consistent
rate of stable disease.>® On the other hand, it has been reported
that the sequence of targeted therapies may affect outcomes. In
retrospective analyzes, anti-EGFR therapy improved PFS signifi-
cantly better in patients who had not previously received beva-
cizumab than in patients who had received prior bevacizumab.*
A Phase Il study with regorafenib before cetuximab demons-
trated a longer overall survival (OS) than the current standard
sequence.” This can be explained by the fact that previous anti-
VEGF treatment increased VEGF-A and hypoxia/HIF signalling
and genome instability, resulting in adaptive changes in tumour
cells in the microenvironment and resistance of some mutant
genotypestoanti-EGFRtreatment.”

This study aimed to determine the factors that affect the
efficacy of regorafenib, such as tumour sidedness, RAS status,
sequence of previously targeted therapies and inflammatory
markersinmCRC patients.

METHODOLOGY

Patients treated with regorafenib for metastatic colon and
rectum cancerwho were treated at Karadeniz Technical Univer-
sity, Faculty of Medicine, Trabzon, Turkiye, from 2012 to 2020
were screened. Patients whose data could not be reached were
excluded from the study. As a result, 102 patients who met
these criteria were included in the study between January 2012
and September 2020. All patients had received fluoropyrimi-
dine, irinotecan, and oxaliplatin together with targeted agents
such as cetuximab/panitimumab and/or bevacizumab in their
previoustreatment.Clinical, pathologicalandmolecularcharac-
teristics were analyzed retrospectively. Age, gender, disease
status, primary tumour site, histological grade, primary tumour
surgery, Kirsten-ras (KRAS) mutation status, metastatic site(s),
administered chemotherapy and biological agents and survival
data were collected from patient hospital records retrospec-
tively.

RS colon cancer starts from the cecum and includes up to the
distal two-thirds of the transverse colon, left-sided (LS) colon
cancer starts from the proximal third of the transverse colon
andincludesuptotherectum.”*

Among these 102 patients, 25 had RS, 77 had LS colon cancer.
The frequency of patient characteristics was evaluated
according to therightand left colon cancer groups, and disease
control rates (DCR) were evaluated among the tumour sided-

ness. Prognostic factors for PFS and OS were evaluated
between the two groups. Regorafenib was administered orally
80-160 mg daily, for the first three weeks of each every 4 week
cycle.

Data were analysed with SPSS version 25.0. Normal distribution
variables in descriptive statistics were expressed as mean +
standard deviation, and non-parametric distribution was
expressed as median (min-max). The distribution of variables
was evaluated with the Kolmogorov-Smirnov test and Shapiro-
Wilk test. Anindependentt-test (normal distribution) and Mann-
Whitney U test (non-parametric) were used to compare contin-
uous variables. Pearson’s and Fisher’s Exact Chi-square testing
was used for categorical comparisons. The hazard ratio (HR)
and 95% confidence intervals (Cl) for exitus and alive associ-
ated risk factors were estimated in OS time dependent-Cox
proportional hazard regression models and also age, gender,
surgery, etc. risk parameters were evaluated the effects on
survival with the Cox regression model, p<0.05 was considered
significant. Treatment outcomes were DCR, PFS and OS.
Response assessment was considered as complete response
(CR), partialresponse (PR), stable disease (SD) and progressive
disease (PD) according to the RECIST criteria (version 1.1)."
DCR was defined as the sum of all patients with CR, PR, and SD.
Time from the regorafenib initiation date to the date of disease
progression or any cause of death was defined as PFS. The
Kaplan-Meier method was performed using log-rank analysis to
estimate PFS and OS. A comparison of platelets counts,
neutrophil counts, lymphocyte counts, carcinoembryonic
antigen (CEA), platelet/lymphocyte ratio (PLR), neutrophil/lym-
phocyte ratio (NLR) and bilirubin levels before and after the use
of regorafenib was performed. Wilcoxon test was used for those
with symmetrical distribution of the differences between paired
measurements of dependent variables and sign test for those
without. For repeated measurements, the Wilcoxon test was
used for those with normal distribution, and the sign test for
those withoutnormal distribution.

RESULTS

The patient characteristics based on the primary tumour sided-
nessareshowninTablel. Intotal, 102 patients were included in
this study, 66 (65%) were male and 36 (35%) were female.
Among these patients, 25 had right-sided, and 77 had left-sided
colon cancer. The mean age was 58%10 years in RS mCRC
patients and 60£10 years in LS mCRC patients. When evalu-
ating the frequency of RS and LS colon cancer according to
gender; RS colon cancer was observed high in women, and LS
colon cancer was observed high in men (p=0.017). RAS muta-
tion status was available in 73 patients (71%). RAS wild-type
was higher in LS tumours than in RS tumours (p=0.034). MSI
status was available in fewer patients and was not statistically
evaluated. In RS tumours, the number of metastatic sites are
statistically higher than the LS mCRCs (p=0.023). Most of the
patients received <3 lines of prior systemic therapies in both
arms. The majority of patients with both LS and RS colon cancer
infirst-linetherapyreceived bevacizumabastargeted therapy.
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Table I: Patient characteristics according to tumor sidedness (N=102).

Characteristics Total mCRC Right sided mCRC Left sided mCRC p-value
(n=102) (n=25) (n=77)

Age, years (mean=SD) 59+10 58+10 60 £10 0.568

<65 years, n (%) 63 (62) 19 (76) 44 (57) 0.104

>65 years, n (%) 39 (38) 6 (24) 33(43)

Sex, n (%)

Male 66 (65) 11 (44) 55 (71) 0.017

Female 36 (35) 14 (56) 22 (29)

Surgery on primary tumour, n (%) <0.99

Yes 53 (52) 13(52) 40 (52)

No 49 (48) 12 (48) 37 (48)

Disease status, n (%)

Metastatic 61 (60) 13(52) 48 (62) 0.482

Recurrent 41 (40) 12 (48) 29 (38)

RAS status, n (%)

wild 42 (41) 5(20) 37 (48) 0.034

Mutant 31(30) 9 (36) 22 (29)

Unknown 29 (29) 11 (44) 18 (23)

Number of Metastatic site(s), n (%)

<3 49 (48) 7(28) 42 (55) 0.023

>3 53 (52) 18(72) 35 (45)

Prior systemic therapies, n (%)

<3 91 (89) 24 (96) 67 (87) 0.208

>3 11(11) 1(4) 1013)

1. Line targeted therapy, n (%)

Anti-VEGF 68 (67) 15 (60) 53 (69) 0.512

Anti-EGFR 10 (10) 2(8) 8 (10)

None 24 (23) 8(32) 16 (21)

2. Line targeted therapy, n (%)

Anti-VEGF 31 (30) 10 (40) 21 (27) 0.178

Anti-EGFR 14 (14) 5 (20) 9(12)

None 57 (56) 10 (40) 47 (61)

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.
p-value is calculated by Pearson's chi square and Fisher's exact chi square test for categorical variables and Mann-Whitney U test for continuous data. Variable age is analyzed
by t-test.

Table II: Univariate/Multivariate analysis of different prognostic factors for progression free survival in patients treated with regorafenib.

Parameters PFS Univariate Analyses p-value Multivarivariate Analyses p-value
(months) mCRC-PFS (months) mCRC-PFS (months)

Median (min-max] Median (min-max]
Adjusted HR Adjusted HR
(95% CI) (95% Cl)

Age, years

<65 years 6.407 4.910-7.903 0.925

>65 years 5.881 2.223-9.539

Sex, n (%)

Male 5.355 3.786-6.925 0.395

Female 7.129 5.584-8.675

Surgery on primary tumor, n (%)

Yes 5.651 2.604-8.698 0.452

No 6.407 4.739-8.074

RAS status, n (%)

wild 6.637 4.133-9.140 0.354

Mutant 6.407 5.260-7.553

Number of metastatic site(s), n (%)

<3 7.162 5.945-8.379 0.038 1.644(1.094-2.468) 0.017

>3 4.665 2.456-6.875

Prior systemic therapies, n (%)

<3 5.749 4.074-7.425 0.152 0.533 0.071

>3 6.768 4.499-9.037 (0.270-1.055)

Tumor sideness, n (%)

Right colon 5.454 1.647-9.261 0.877

Left colon 6.144 4.794-7.493

1. Line targeted therapy, n (%)

Anti-VEGF 6.407 5.013-7.800 0.916

Anti-EGFR 5.092 3.871-6.314

None 5.355 1.664-9.046

2. Line targeted therapy, n (%)

Anti-VEGF 3.318 0.021-6.615 0.383

Anti-EGFR 5.454 2.984-7.923

None 6.637 5.248-8.025

The multivariate analysis model was made with number of metastatic site and prior systemic therapies. Omnibus tests of model coefficients: -2 log likelihood, 738.202,
chi-square, 7.783, p: 0.020.
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Table IlI: Univariate/Multivariate analysis of different prognostic factors for overall survival in patients treated with regorafenib.

Parameters oS Univariate Analyses p-value Multivarivariate Analyses p-value
(months) mCRC-0S (months) mCRC-0S (months)
Median [min-max] Median [min-max]
Adjusted HR (95% CI) Adjusted HR (95% CI)
Age, years
<65 years 8.969 6.450-11.488 0.251
>65 years 9.856 6.640-13.072
Sex, n (%)
Male 8.674 6.450-10.897 0.563
Female 10.086 1.393-18.779
Surgery on primary tumor, n (%)
Yes 9.889 4.265-15.514 0.367
No 8.641 5.892-11.390
RAS status, n (%)
Wild 13.667 8.207-19.127 0.298
Mutant 10.349 6.730-13.968
Number of metastatic site(s), n (%)
<3 13.667 11.324-16.011 0.004 1.853(1.190-2.884) 0.006
>3 6.571 3.558-9.584
Prior systemic therapies, n (%)
<3 8.674 6.908-10.439 0.049 0.407 (0.191-0.865) 0.019
>3 17.774 5.226-30.323
Tumor sideness, n (%)
Right Colon 6.571 4.279-8.863 0.238
Left Colon 10.086 6.696-13.476
1. Line targeted therapy, n (%)
Anti-VEGF 8.969 6.746-11.193 0.678
Anti-EGFR 6.571 2.804-10.338
None 12.452 5.511-19.392
2. Line targeted therapy, n (%)
Anti-VEGF 8.214 4.343-12.084 0.148 1.411 (0.879-2.267) 0.154
Anti-EGFR 6.571 0.367-12.775 1.169 (0.619-2.207) 0.631
None 12.452 8.667-16.236

The multivariate analysis model was made with number of metastatic site, prior systemic therapies and second line targeted therapy. Omnibus tests of
model coefficients: -2 log likelihood, 702.822, chi-square, 16.189, p: 0.003.
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Figure 1: Kaplan-Meier Analysis of PFS and OS with regorafenib in mCRC patients and subgroups. (A) PFS in all patients. (B) OS in all patients.
(C) PFS according to tumor sideness. (D) OS according to tumor sideness. (E) PFS according to tumor sideness in RAS-wild type subgroup. (F)

0S according to tumor sideness in RAS-wild type subgroup. (G) PFS
according to tumor sideness in RAS wild-mutant subgroup.

DCR with regorafenib were similar in both RS and LS colon
tumours (60% vs. 61%, respectively, p>0.99). No patients
achieved complete response was in both arms, partial
response achieved in 2 patients with the RS tumour and 9

according to tumor sideness in RAS-mutant type subgroup. (H) OS

patients with the LS tumour. Stable response was observed in
52% of patients with RS colon tumour and 49% of patients
with LS colon tumour. Progressive disease rate was similar in
both arms (p=0.874).
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At a median follow-up of 9.4 months, the median PFS was 5,9
months (95% Cl, 6.3-7.1) and the median OS was 9.0 months
with regorafenib (95% Cl, 6.4-11.5; shown in Figure 1). When
evaluating the survival results by tumour sidedness, the
median PFS was 5.4 months in patients with RS colon
tumours and 6.1 months in patients with LS colon tumours.
The median OS was 6.6 months in patients with RS colon
tumours and 10.1 months in patients with LS colon tumours,
without statisticially significant level (p=0.238).

Univariate analysis of different subgroups of age, gender,
surgery on the primary tumour, RAS status, and first and
second-line targeted therapies showed that there was no
difference for PFS. Also, no difference was observed in PFS,
according to the tumour sidedness. When comparing RS and
LS mCRC patients by RAS status, there was an increase in
favour of the RS mCRC in both PFS and OS, but this was not
statistically significant which was attributed to the unbal-
anced distribution of patients between groups (5 patients in
RS vs. 37 patients in LS) (shown in Figure 1). Patients with
metastatic sites <3 had significantly higher both PFS and OS
than those with =3 (for PFS 7.1 vs. 4.7, respectively,
p=0.038, and for OS 13.7 vs. 6.6 respectively, p=0.004). For
the number of prior systemic therapies, there was no differ-
ence for PFS (p=0.15), but statistically significant difference
was found for OS in univariate analysis in favour of >3 line
therapies (p=0.049, Tables Il and IlI).

Multivariate analysis was performed with Cox regression
model. Patients with metastatic sites <3 had significantly
higher PFS and OS rates than those with =3 (p=0.017 and
p=0.006, respectively). For the number of prior systemic
treatments, there was no difference for PFS (p=0.071), but a
statistically significant difference was found in multivariate
analysis favouring patients who received >3 lines of therapy
for OS. (p=0.019, Tables Il and IlI).

A comparison of PLT, neutrophil, lymphocyte, PLR, NLR, CEA
and bilirubin levels before and after the use of regorafenib
was performed. No significant change was observed in all
parameters before and after treatment.

DISCUSSION

This study aimed to investigate the outcomes of regorafenib
treatment in refractory mCRC patients, by primary tumour
sidedness, the effects of previously targeted therapies, RAS
status and inflammatory markers. The median PFS and OS as
5.9 months and 9.0 months, respectively with regorafenib. In
multivariate analysis, there was no any significance of tumour
sidedness and prior systemic therapies in terms of survival,
while the patients with metastatic sites <3 and the number of
prior systemic therapies =3 line had significantly higher
survival.

Colorectal cancers are heterogenous tumours, and the impor-
tance of tumour location has increased in recent years. The
frequency, pathogenesis, prognosis and treatment responses
differ between the proximal and distal of the colon. Right and

left colon tumours show distinct molecular features. DNA
mismatch repair gene mutations are more common in right-
sided tumours, while mutations related to chromosomal insta-
bility are more common in LS tumours. Regarding treatment
responses, LS mCRC patients benefit more from chemothera-
pies and EGFR-targeted therapies, while RS mCRC patients do
not respond well to conventional chemotherapies and derive
numerically greater benefit from anti-VEGF therapies such as
bevacizumab than with anti-EGFR agents.™ In addition, right
colon tumours show more promising results with immunothera-
pies due to their high antigenic load and higher probability of
high microsattellite instability (MSI-H).

In this study, the median PFS and median OS were found as
5.9 and 9.0 months, respectively at a median follow-up of 9.4
months. In the CORRECT trial, median PFS and OS were 1.9
and 6.4 months respectively; in the CONCUR trial median PFS
and OS were 3.2 and 8.8 months respectively.”*® Higher
median PFS and OS values were found in this study than the
results reported in the literature. Since the RAS analyses of the
patients were performed later due to the access problem,
some of them received regorafenib before anti-EGFR treat-
ment, which may have caused higher PFS and OS values
compared to the pivotal studies.

The sequence of anti-angiogenic agents and anti-EGFR agents
is another issue in the treatment of mCRC patients. A meta-a-
nalysis by Khattak et al. showed that right-sided colon cancer
patients benefited from an anti-VEGF therapy such as beva-
cizumab, with a trend for longer survival compared to anti-
EGFR agents in first-line therapy (HR:1.3, p=0.081)." Similarly,
in a phase Il REVERSE study that evaluated the sequence of
regorafenib and cetuximab, it was shown that regorafenib
followed by cetuximab suggested a longer OS in RAS and B-
RAF wild-type mCRC patients compared to the reverse.”” There-
fore, it was planned to evaluate the efficacy of regorafenib, an
anti-VEGF agent, in right colon cancer. Because there are
opinions that ongoing VEGF inhibition in the 1% and 2™ steps
may be more effective due to the low anti-EGFR treatment
response in right colon cancer. Saab et al. agreed that tumour
sidedness in third-line therapy of mCRC does not affect the
response to trifluridine/tipiracil or regorafenib in an expert
panel.”® A subanalysis of the prospective observational CORRE-
LATE study with regorafenib in mCRC did not show an associa-
tion of primary tumour location with the response to rego-
rafenib; OS is 6.7 and 6.3 months for left and right colon carci-
nomas, respectively (p=0.278)."° In another study evaluating
trifluridine/tipiracil and regorafenib, OS and time to treatment
failure were not affected by tumour sidedness for both
agents."” Similar PFS results were found in left and right colon
tumours (p=0.877) and there was also no difference in
response rates. There was no complete response in both RS
and LS colon tumours, similar to the results of the CONCUR
and CORRECT trials. However, OS was numerically lower in the
RS mCRC than in the LS mCRC as expected, but no statistical
difference was observed (p=0.33). In the literature, the 5-year
cancer-specific survival rate for right and left-sided mCRC was
79.8% and 82.9%, respectively.” In the present study, the
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number of patients with RS colon tumour was considerably
less than the number of patients with LS colon tumour, as
reported in the literature. If the number of patients was close
in both groups, it is thought that there would be a statistical
difference. Yoon et al. showed that LS mCRC patients had
significantly better PFS with regorafenib treatment than RS
mCRC patients (2.6 months and 1.9 months, respectively,
p=0.04)."

When the RAS status was examined, a significant rate of RAS
wild type was detected in LS colon cancers compared to the
RS colon cancers (48% vs. 20%, respectively, p=0.034), but
there were no statistical differences in terms of PFS and OS.
In a similar study conducted by Yoon et al., a statistically
significant increase in PFS was observed in patients with LS
tumours only in the KRAS wild-type subgroup compared to
patients with RS colon tumours.*

It was found that the patients with metastatic sites <3 and
the number of prior systemic therapies >3 had significantly
higher survival. In patients with low tumour burden, better
results are also obtained in the third and next-line treat-
ments. In some studies, only lung metastases have been
shown to be associated with a better prognosis.””** Prior
systemic therapies were evaluated in many studies, in the
CONCUR study, patients who received >3 lines of therapies
had better overall survival than patients who received <3
lines of therapies. In the observational single-arm CONSIGN
trial, 46% of patients received >3 lines of systemic treatment
and the PFS with regorafenib was 2.7 months, similar to the
pivotal studies.” In this study, the number of prior systemic
therapies >3 had significantly higher survival. Nevertheless,
the number of patients who received more than 3 lines of
treatment in our study constituted 15% of the entire popula-
tion. According to these results, the efficacy of regorafenib
continues in heavily treated patients. The prognostic and
predictive value of inflammatory biomarkers has been evalu-
ated in some studies.?” In this study, inflammatory
biomarkers were measured before treatment and they were
compared during the response evaluation, and no significant
difference was found in any parameter between responding
and non-responding patients.

This study has some limitations, primarily being a retrospec-
tive study and the fact that the number of patients was very
different between the RC and LC arms, which is thought to
affect the statistical analysis. In addition, the number and
order of treatment received before regorafenib is heteroge-
neous due to some problems in accessing targeted medicine
in Turkiye.

However, this situation also helped to obtain different data,
for example, the continued effectiveness of regorafenib
after the 3rd line treatment. As a single-center study and
since the median follow-up period is longer from similar
studies, it is thought that these results will shed light on
future studies.

CONCLUSION

Right and left-sided colon tumours are very different from each
other in molecular, clinical and prognostic terms and there are
different recommendations for treatment sequencing
according to tumour sidedness in analyses performed with
targeted therapies. Although there is no distinction yet for
regorafenib, first-line anti-VEGF therapies (bevacizumab) in
right colon tumours have superior results, regorafenib should
be evaluated for treatment sequencing in more comprehen-
sive studies in this respect. Both the PFS and OS were
increased in the right colon in the RAS wild-type group,
however, this advantage did not reach statistical significance.
The tumour burden also affected the response in subsequent
treatments and regorafenib was also effective in after third
line treatment.
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