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Abstract: In clinical trials of metastatic colorectal cancer, progressive disease after second-line therapy is often
defined according to Response Evaluation Criteria in Solid Tumors criteria. In the clinic, however, disease
progression can be identified through a composite of factors, including new lesions, carcinoembryonic antigen
level, and symptoms such as pain and fatigue. It is optimal to switch to third-line treatment before the patient’s
performance status deteriorates. In the third-line setting, regorafenib and trifluridine tipiracil are approved
for the treatment of patients with metastatic colorectal cancer who are refractory to standard chemotherapy.
Both of these treatments are associated with prolonged overall survival and progression-free survival in heavily
pretreated patients. Data suggest that a chemotherapy break may be beneficial in patients with metastatic
colorectal cancer. Some data suggest that treatments beyond the third-line setting might also improve outcome.
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First-Line and Second-Line Therapy in mCRC
The goals of care in metastatic colorectal cancer (mCRC)
are primarily palliative, with the intent to prolong survival
and maintain the patients quality of life. There are now
several therapies available for the first-line and second-
line treatment of mCRC. These treatments are associated
with improvements in progression-free survival (PES)
and overall survival, as well as tumor response.’® Tumor
response is highest in the first-line setting, ranging from
approximately 30% to more than 60% in certain groups.”
In the second-line setting, tumor response decreases to
5% to 10%.

Treatment selection will be based on the molecular
characteristics of the disease in a particular patient. Some
of the most important molecular classifications that
drive treatment decisions include whether the disease is
RAS wild-type or RAS mutated, if it is BRAF wild-type
or BRAF mutated, or whether it has human epidermal
growth factor receptor 2 (HER2) amplification (which
would exclude those patients from receiving epidermal
growth factor receptor [EGFR] inhibitor therapies during
the first-line or second-line settings).

Another important consideration when deciding
on treatment in the first-line and second-line setting is
whether the patient has left-sided vs right-sided disease.
Evidence shows that patients with right-sided tumors
have the worst outcomes. They do not respond to EGFR
inhibitor therapy even if it appears they should according
to molecular classification. A high degree of microsatellite

instability can also be used to drive treatment decisions,
both upfront and in later lines of therapy.

Initial treatment options for mCRC rely primarily
on combination chemotherapy regimens, typically fluo-
rouracil, irinotecan, and oxaliplatin. Bevacizumab, which
targets vascular endothelial growth factor (VEGF), is often
combined with chemotherapy in the first-line setting.

In my practice, patients with right-sided tumors,
regardless of the genetic profile, are primarily treated
with first-line leucovorin, fluorouracil, oxaliplatin, and
irinotecan (FOLFOXIRI) administered with or without
bevacizumab. Patients who are unable to tolerate this
regimen receive a chemotherapy doublet. The molecular
status is a larger consideration for patients with left-sided
tumors. Patients who are RAS wild-type, BRAF wild-
type, who do not have the HER2 amplification, and
who have microsatellite stability typically receive either
leucovorin, fluorouracil, and oxaliplatin (FOLFOX) or
leucovorin, fluorouracil, and irinotecan (FOLFIRI) plus
bevacizumab. EGFR inhibitor agents would be acceptable
alternatives to VEGF inhibitors in this group of patients.

Maintenance therapy should be considered in all
patients who receive doublet or triplet chemotherapy in the
first-line setting. In our practice, we consider maintenance
capecitabine plus bevacizumab for all patients treated with
3 or 4 months of intensive first-line chemotherapy. Mul-
tiple studies have now established that these patients show
similar or better outcomes with maintenance therapy, as
opposed to continuing aggressive first-line treatment until
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Figure 1. In the phase 2 REVERCE trial, overall survival was improved with the sequence of regorafenib followed by cetuximab (R-C)
vs the sequence of cetuximab followed by regorafenib (C-R). “Adjusted by intent to use irinotecan. HR, hazard ratio; REVERCE,
Randomized Phase II Study of Regorafenib Followed by Cetuximab Versus Reverse Sequence for Wild-Type KRAS Metastatic
Colorectal Cancer Previously Treated With Fluoropyrimidine, Oxaliplatin, and Irinotecan. Adapted from Shitara K et al. Ann Oncol.

2019;30(2):259-265."

unacceptable toxicity or disease progression.’

Treatment choice in the second-line setting becomes
more complicated. It is recommended that all patients
undergo molecular profiling for both microsatellite insta-
bility and for alterations in genes, including RAS (KRAS
and NRAS) and BRAF mutations, HER2 amplifications,
and NTRK fusions. Approximately 50% of patients have
RAS/BRAF wild-type tumors.® Molecular testing is criti-
cal, as it is an important driver for therapeutic decisions.
For example, patients with RAS/BRAF wild-type mCRC
and a left-sided tumor benefit most from treatment with
EGFR-targeted agents (such as panitumumab and cetux-
imab).” However, EGFR-targeted agents may actually
be harmful, or at least ineffective, in patients with RAS
mutations.®’

EGFR inhibitors are generally reserved for the
second-line or even third-line setting, based on their
propensity for associated toxicities, such as rash and diar-
thea.” Conversely, anti-EGFR therapy may be used in the
first-line setting, and VEGF-targeted agents are instead
relied upon in the second-line setting and beyond.

For a patient with right-sided disease who was treated
with FOLFOXIRI plus bevacizumab in the first-line set-
ting, my choice in the second-line setting would be to
avoid further chemotherapy and instead proceed to

either regorafenib or trifluridine/tipiracil. Regorafenib is
a multikinase inhibitor targeting multiple facets of the
tumor and the microenvironment. Trifluridine/tipiracil is
a cytotoxic agent that belongs to the superfamily of fluo-
ropyrimidines. In my practice, I prefer to start with rego-
rafenib over trifluridine/tipiracil primarily based on the
mounting evidence that regorafenib has increased activity
in earlier lines of therapy vs later lines of therapy (when
patients tend to benefit to a lesser degree). In contrast,
trifluridine/tipiracil seems to preserve its activity even in
the later lines of treatment.

One example of the evidence suggesting a benefit with
introducing regorafenib earlier in the course of treatment
comes from the REVERCE trial (A Randomized Phase
I Study of Regorafenib Followed by Cetuximab Versus
the Reverse Sequence for Previously Treated Metastatic
Colorectal Cancer Patients).'® This phase 2 study (dis-
cussed in more detail in a later section) evaluated the use
of regorafenib administered before or after cetuximab. The
study was small (N=101) and stopped early based on lack
of funding. However, it showed a statistically significant
benefit in the primary endpoint of overall survival with
the sequence of regorafenib followed by cetuximab vs the
sequence of cetuximab followed by regorafenib (median
overall survival, 17.4 vs 11.6 months, respectively; hazard
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ratio [HR], 0.61; 95% CI, 0.39-0.96; P=.0293; Figure 1).

Second-line treatment for left-sided tumors presents
a different challenge. For patients with left-sided tumors
that are both RAS and BRAF wild-type, choices for second-
line treatment are generally either FOLFOX or FOLFIRI
(whichever regimen was not used in the first-line setting),
plus a VEGF or EGFR inhibitor. In my practice, I will
often switch the biologic in the second line. For example,
a patient treated with FOLFIRI plus bevacizumab in the
first-line setting would receive either FOLFOX plus pani-
tumumab or FOLFOX plus cetuximab.

Patients with left-sided tumors whose disease shows
HER?2 amplification do not benefit from EGFR inhibitor
agents. Instead, options for dual HER2-targeted therapies
include trastuzumab plus pertuzumab or trastuzumab plus
lapatinib.

The investigational small molecule HER2 inhibitor
tucatinib showed activity when combined with trastu-
zumab in the second-line setting in the multicenter,
open-label, single-arm phase 2 MOUNTAINEER trial (A
Phase II, Open Label Study of Tucatinib Combined With
Trastuzumab in Patients With HER2+ Metastatic Colorec-
tal Cancer)." This trial enrolled 26 patients with RAS wild-
type and HER2-amplified mCRC. Among the 23 evaluable
patients, the overall response rate (ORR) was 52%, which
includes 12 patients who achieved either a complete or
partial response.' In addition, 6 patients developed stable
disease (clinical benefit rate, 64%). The median duration of
response had not been reached at the time of the analysis.
The median PFS was 8.1 months (95% CI, 3.8 to not esti-
mable), and the median overall survival was 18.7 months
(95% CI, 12.3 to not estimable). Grade 3 treatment-related
adverse events (AEs) were reported in 2 patients; no grade 4
or 5 events were reported.

For the group of patients with BRAF V600E mCRC
(who tend to also have RAS wild-type and left-sided dis-
ease) who received FOLFOXIRI plus bevacizumab in the
first line, the regimen used in the global, multicenter, ran-
domized, open-label, phase 3 BEACON CRC trial (Bin-
imetinib, Encorafenib, and Cetuximab Combined to Treat
BRAF-Mutant Colorectal Cancer) presents the best option
for second-line treatment."? This trial enrolled patients with
confirmed mCRC that was positive for a BRAF V600E
mutation and who had disease progression following 1 or
2 prior lines of treatment. Treatment consisted of triplet
therapy with the BRAF inhibitor encorafenib, the MEK
inhibitor binimetinib, and the EGFR inhibitor cetuximab
(n=224); doublet therapy with encorafenib and cetuximab
(n=220); or the investigator’s choice of control treatment
that consisted of either cetuximab plus irinotecan or cetux-
imab plus FOLFIRI (n=221).

At the interim analysis, the median overall survival
was significantly longer with triplet therapy vs the con-
trol therapy (9.0 vs 5.4 months; HR, 0.52; 95% CI,

0.39-0.70; P<.001), meeting the primary endpoint. The
median overall survival was 8.4 months in the doublet
therapy arm, which was also significantly longer as com-
pared with the control arm (HR, 0.60; 95% CI, 0.45-0.79;
P<.001). The independently assessed ORR was signifi-
cantly higher in the triplet therapy group compared with
the control group (26% vs 2%; P<.001), as was the doublet
therapy group (20%; P<.001). Median PES was longer in
both the triplet therapy arm (4.3 months) and doublet
therapy arm (4.2 months) vs the control arm (1.5 months).

Grade 3 or higher AEs occurred in 58%, 50%, and
61% of patients receiving triplet therapy, doublet therapy,
or control therapy, respectively. Rash is a noted toxicity
of these agents when used individually. Interestingly, the
rate of rash was not particularly high, at 19% with triplet
therapy, 12% with doublet therapy, and 14% with con-
trol therapy.

Community Views on Disease Progression
Clinical trials define progressive disease according to
Response Evaluation Criteria in Solid Tumors (RECIST)
criteria. In the clinic, however, identifying disease pro-
gression is based on a composite of factors. Assessment
is not solely based on factors such as the presence of a
new lesion or an increase in the carcinoembryonic antigen
(CEA) level. In addition to new lesions and CEA level,
other factors to consider are molecular markers and the
location (ie, “sidedness”) of the disease. For example, the
index for progression may need to be lower in patients
with the BRAF V600E mutation, who often develop
quickly progressive disease and can deteriorate rapidly. In
mCRC, the diagnosis of disease progression is also often
made if the patient becomes symptomatic.

As an example, a patient might begin to suddenly feel
more pain or report additional cancer-related symptoms,
such as fatigue and anorexia. The physician might then
order a blood test to determine CEA levels. Elevated CEA
can indicate progressive disease, and the physician would
then order an imaging scan. A computed tomography scan
might show vague tumors in the liver that appear new and
could be indicative of progression. These factors, when
taken together, begin to resemble progressive disease.

In some cases, patients who begin to show a sign of
progression in isolation (eg, CEA elevation) are imme-
diately switched to their next line of chemotherapy.
Although this strategy is not necessarily wrong, it is not
best practice, particularly if the scan shows no new disease
and the patient feels well.

Third-Line Treatment Options

In the third-line setting, after a patient has received
combination chemotherapy regimens with fluorouracil,
oxaliplatin, irinotecan, VEGF-targeted agents, and, when
indicated, EGFR-targeted agents, there are 2 treatments
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Figure 2. Overall survival in the phase 2 ReDOS trial, which compared a fixed dose of regorafenib vs a dose-escalated regimen.

Patients in arm A received regorafenib at 80 mg/day, with weekly dose escalation up to 160 mg/day in the absence of significant drug-
related toxicities. In arm B, patients received the standard dose of regorafenib at 160 mg/day. ReDOS, Regorafenib Dose Optimization
Study. Adapted from Bekaii-Saab TS et al. Lancer Oncol. 2019;20(8):1070-1082."

approved by the FDA: regorafenib and trifluridine/
tipiracil.’'* Both of these oral agents are associated with
prolonged overall survival and PES in heavily pretreated
patients. It is important to realize that although these
agents do not necessarily induce a significant tumor
response, they do indeed improve survival. For some
patients, this prolonged overall survival is not insignifi-
cant, and can extend beyond 1 year (Figure 2)."

Additionally, newly available agents now mean that a
deeper molecular profile is necessary. For example, patients
with a high degree of microsatellite instability or mismatch
repair—deficient mCRC are candidates for the checkpoint
inhibitors pembrolizumab or nivolumab.'®” Patients
should also be tested for the presence of NTRK fusions.
Although rare, this molecular abnormality can now be
effectively targeted with the NTRK inhibitors larotrectinib
and entrectinib, which are associated with robust tumor
responses in N7RK fusion—positive cancers.'®"

Benefits to Switching From Second-Line
Therapy

Switching treatment is always best reserved when done
for the benefit of the patient who is actually deemed to
be progressing. Patients are switched from second-line to
third-line and fourth-line treatments given that we have
agents available to us that have been proven to prolong

survival in this setting: regorafenib and trifluridine/
tipiracil. For the right patients who will benefit from this
switch, it should be done sooner rather than later, before
performance status begins to significantly deteriorate.
Thus, it is important to remember this goal and follow the
patient closely as they progress through lines of therapy to
catch them before they deteriorate beyond salvage.

Potential Benefits of a Chemotherapy Break

Several studies published over the past 2 decades have
set the stage to suggest that a chemotherapy break may
be beneficial in patients with mCRC. For example, a
randomized study of 354 patients who were randomly
assigned to either intermittent or continuous chemo-
therapy showed no clear evidence of a benefit in continu-
ing therapy indefinitely until disease progression. Instead,
these data showed that it is safe to stop chemotherapy
after 12 weeks and re-start the same treatment on dis-
ease progression.”’ In a separate pooled analysis from 3
consecutive randomized controlled trials, a multivariate
analysis found that a prolonged treatment-free interval
exceeding 12 months was associated with better overall
survival compared with prolonged treatment (HR, 0.57;
95% CI, 0.35-0.94; P=.027). The incidence of toxicity
related to fluorouracil was decreased during rechallenge
vs initial treatment (Table 1). The authors of this pooled
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Table 1. Incidence of Toxicity Related to 5-FU During the First

and Second Treatment Courses

First Second
Treatment Treatment
Toxicity (n=93) (n=93) PValue
Diarrhea
All grades 48 (52%) 34 (37%) .039
Grades 3/4 6 (6%) 3 (3%)
Stomatitis
All grades 53 (57%) 51 (55%) .86
Grades 3/4 6 (6%) 3 (3%)
Hand-foot syndrome
All grades 83 (89%) 65 (70%) .005
Grade 3 16 (17%) 9 (10%)

5-FU, 5-fluorouracil.

Data from Yeoh C et al. Clin Colorectal Cancer. 2003;3(2):102-107.!

analysis concluded that a proportion of patients who
experienced a prolonged period of tumor control with
first-line 5-fluorouracil followed by a planned treatment
interruption, retained 5-fluorouracil sensitivity and had
prolonged survival with 5-fluorouracil rechallenge.?! There
are multiple benefits for maintenance or break, including
the capacity to pursue sequential aggressive therapy while
maintaining quality of life. There is also lower likelihood
for end-organ damage, which again allows for maximal
exposure to sequential therapy. Overall, treatment of
metastatic colorectal cancer can be considered similar to a
marathon rather than a sprint.

It is worthwhile to consider that the effectiveness
of cytotoxic therapy itself diminishes when the patient
progresses from first-line to second-line treatment.
This was shown in the ML18147 study (A Random-
ized, Open-Label Phase III Intergroup Study: Effect of
Adding Bevacizumab to Cross Over Fluoropyrimidine
Based Chemotherapy [CTx] in Patients With Metastatic
Colorectal Cancer and Disease Progression Under First-
Line Standard CTx/Bevacizumab Combination), which
showed that the ORR for FOLFOX or FOLFIRI in the
second-line was at most 4%, with a median PES of less
than 2 months.

Some observational data suggest that in patients who
move from chemotherapy to a multikinase inhibitor such
as regorafenib, subsequent treatment with chemotherapy
may lead to a response.?* There is a question of whether
these patients truly progressed on chemotherapy before
they switched to regorafenib. Overall, however, there
appear to be benefits with stopping chemotherapy at
some point. Some patients may respond to re-treatment
with chemotherapy. This area requires further study.
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Clinical Trial Data for Regorafenib

The CORRECT Trial

The CORRECT trial (Patients With Metastatic Colorec-
tal Cancer Treated With Regorafenib or Placebo After
Failure of Standard Therapy) was a randomized, double-
blind, placebo-controlled, phase 3 clinical trial designed
to assess the efficacy and safety of regorafenib in patients
with mCRC whose disease had progressed following
treatment with all standard therapies approved at the
time." This international study enrolled patients from 114
centers across 16 countries throughout North America,
Europe, Asia, and Australia. Given the international
design, available standard therapies varied from country
to country but had to include as many of the following
as were licensed locally: a fluoropyrimidine, oxaliplatin,
irinotecan, and bevacizumab, and either cetuximab or
panitumumab (in patients with KRAS wild-type mCRC).
The primary endpoint of the CORRECT study was over-
all survival; secondary endpoints included PFS, ORR,
disease control rate, and safety. Tumor response and pro-
gression were assessed by the investigator every 8 weeks
according to RECIST v1.1.

Enrolled patients had documented adenocarcinoma
of the colon or rectum, and had received locally and cur-
rently approved standard therapies. They developed dis-
ease progression during or within 3 months after the last
administration of the last standard therapy. Patients were
also eligible if they had stopped standard therapy after
unacceptable toxicity. In addition, patients had an East-
ern Cooperative Oncology Group (ECOG) performance
status of 0 or 1, a life expectance of at least 3 months, and

adequate hematologic, hepatic, and renal function.

The trial arms consisted of single-agent regorafenib
at 160 mg daily (n=505) or matching placebo (n=255).
Patients in both arms also received best supportive care.
Treatment was administered once daily for the first 3 weeks
of each 4-week cycle until disease progression, death,
unacceptable toxicity, withdrawal of consent, or physi-
cian decision. Patient crossover was not permitted. At the
time of randomization, patients were stratified by several
factors, including prior treatment with VEGF-targeting
drugs (yes or no), time from diagnosis of metastatic dis-
ease (218 months or <18 months), and geographic region
(North America, western Europe, Israel, and Australia vs
Asia vs eastern Europe).

Opverall, baseline characteristics were similar in the
regorafenib and placebo arms. An exception was the
proportion of patients with a KRAS mutation, which was
lower in the regorafenib arm compared with the placebo
arm (54% vs 62%, respectively). As expected, there was a
low frequency of BRAF mutations (4% and 2%, respec-
tively) in this population of patients, who had a good
performance status even after receiving several lines of
treatment. The median age in both arms was 61 years,
and most patients were white and male. At baseline, 49%
in the regorafenib arm and 47% in the placebo arm had
received 4 or more prior systemic therapies.

The primary endpoint of overall survival was met in
the CORRECT study. Median overall survival was 6.4
months with regorafenib vs 5.0 months with placebo
(HR, 0.77; 95% CI, 0.64-0.94; P=.0052)." The overall
survival benefit observed with regorafenib was consistent
across all patient subgroups, with the exception of patients

Clinical Advances in Hematology & Oncology Volume 18, Issue 1, Supplement 2 January 2020

7



8

CLINICAL ROUNDTABLE MONOGRAPH

with primary disease in the colon and rectum; however,
this subgroup analysis was limited by patient numbers.

Median PFS, a secondary endpoint, was 1.9 months
with regorafenib vs 1.7 months with placebo, with curves
clearly separating after the median (HR, 0.49; 95%
CL, 0.42-0.58; P<.0001). No complete responses were
observed. The ORR was 1.0% with regorafenib and
0.4% with placebo (P=.19). The disease control rate,
which included patients who achieved a partial response
or stable disease, was 41% with regorafenib vs 15% with
placebo (P<.0001).

Adverse events leading to dose modification were
reported in 67% of the regorafenib arm and 23% of the
placebo arm. Of these, 38% of regorafenib-treated patients
required a dose reduction, and 61% required a dose inter-
ruption. The most common AE of any grade reported
among patients treated with regorafenib were fatigue and
hand-foot skin reaction. Adverse events occurred most
frequently during the first or second treatment cycle. Grade
1 or 2 increases in liver transaminases or bilirubin occurred
more frequently with regorafenib than placebo. More
patients who received regorafenib experienced a grade 3 or
4 treatment-related AE compared with placebo (54% vs
14%, respectively). The most frequent regorafenib-related
AEs of grade 3 or higher were hand-foot skin reaction,
fatigue, diarrhea, hypertension, and rash or desquama-
tion. Among the 110 deaths reported during the study,
most were from disease progression. Eleven deaths were
attributed to AEs (8 in the regorafenib arm and 3 in the
placebo arm). The degree of deterioration in quality of life
and health status was similar in both arms.

The CONCUR Study

Although the CORRECT study was an international study,
just 111 of the 760 patients were Asian (90% of whom were
Japanese).! Thus, the CONCUR study (Asian Subjects
With Metastatic Colorectal Cancer Treated With Rego-
rafenib or Placebo After Failure of Standard Therapy) was
designed to confirm the efficacy and safety of regorafenib
in a broader population of Asian patients with refractory
mCRC.2 CONCUR was a similarly designed, randomized,
double-blind, placebo-controlled, parallel-group, phase 3
trial conducted in 25 hospitals located throughout China,
Hong Kong, South Korea, Taiwan, and Vietnam.

Like CORRECT, patients in the CONCUR trial
had confirmed adenocarcinoma of the colon or rectum.
Patients had received at least 2 prior lines of treatment,
including a fluoropyrimidine plus oxaliplatin or irinote-
can. One difference in the design of the CONCUR study
was that it permitted enrollment of patients who had not
been treated with a biologic agent, owing to the limited
availability of these drugs in some Asian countries at the
time of the trial. Among the overall study population,
40% had not previously received any targeted biologic

agent prior to the study. Other eligibility criteria were
similar to the CORRECT study.

The trial arms consisted of regorafenib at 160 mg
(n=136) and matching placebo (n=68). Best supportive
care was also administered in both arms. Treatment was
administered once daily for the first 21 days of each
28-day treatment cycle until disease progression, death,
unacceptable toxicity, withdrawal of consent, or decision
by the treating physician. Patients were stratified by the
number of metastatic sites (single vs multiple organs) and
time from diagnosis of metastatic disease (<18 months vs
218 months). Overall survival was the primary endpoint.
PES, ORR, and disease control rate were secondary end-
points. Tumor response and progression were assessed by
the investigator every 8 weeks according to RECIST v1.1.

At baseline, 63% of the study population had
received 3 or more lines of treatment for mCRC.? Patients
in the CONCUR trial were slightly younger (median age,
56.5 years) compared with the CORRECT trial. A KRAS
mutation was present in 34% of patients in the rego-
rafenib arm and 26% of patients in the placebo arm. A
BRAF mutation was identified in 1 patient (in the placebo
arm). A total of 54% of patients in the regorafenib arm
and 51% of patients in the placebo arm had received 4 or
more prior systemic therapies.

The primary endpoint of overall survival was met. The
median overall survival was 8.8 months with regorafenib
vs 6.3 months with placebo (HR, 0.55; 95% CI, 0.40-
0.77; 1-sided P=.00016; Figure 3).? An exploratory analy-
sis of the effect of previous targeted biologic treatment
found that the HR for overall survival was 0.31 (95% CI,
0.19-0.53) in patients who had not previously received
targeted treatment. The HR for overall survival was 0.78
(95% CI, 0.51-1.19) in patients who had received at least
1 targeted biologic agent. The data thus suggested that the
survival benefit associated with regorafenib was larger in
less heavily pretreated patients, in particular with regard to
prior biologic agents. Median PFES, a secondary endpoint,
was also significantly improved with regorafenib com-
pared with placebo (3.2 vs 1.7 months; HR, 0.31; 95%
CI, 0.22-0.44; 1-sided P<.0001). Prespecified subgroup
analyses of both overall survival and PFS demonstrated
that the benefit associated with regorafenib was consistent
across nearly all patient subgroups.

The ORR was 4% with regorafenib and 0% with pla-
cebo (1-sided P=.045); all responses were partial.> More
patients in the regorafenib arm achieved disease control (a
partial response or stable disease) than in the placebo arm
(51% vs 7%, respectively; 1-sided P<.0001). The median
duration of response among the regorafenib-treated
patients with a partial response was 4.8 months (inter-
quartile range [IQR], 3.8-14.4). The median duration of
response was 3.0 months (IQR, 1.8-5.6) with regorafenib
and 1.7 months (IQR, 1.4-1.9) with placebo.
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Grade 3 or higher AEs considered treatment-related
occurred in 54% of the regorafenib arm and 15% of
the placebo arm. The most frequent grade 3 or higher
treatment-related AEs were hand-foot skin reaction,
hypertension, hyperbilirubinemia, hypophosphatemia,
alanine aminotransferase concentration increase, aspar-
tate aminotransferase concentration increase, lipase con-
centration increase, and maculopapular rash. Two deaths
were attributed to treatment with regorafenib.

Adverse events led to treatment discontinuation in
14% of the regorafenib group and 6% of the placebo
group. The most common AEs leading to discontinu-
ation were laboratory events. Treatment modification
(treatment interruption, dose reduction, or both) was
attributed to AEs in 71% of regorafenib-treated patients
and 16% of placebo-treated patients. Patient quality of
life and health status deteriorated to a similar extent in
both treatment groups.

The IMblaze370 Study

IMblaze370 (A Study to Investigate Efficacy and Safety
of Cobimetinib Plus Atezolizumab and Atezolizumab
Monotherapy Versus Regorafenib in Participants With
Metastatic Colorectal Adenocarcinoma) was an inter-
national, multicenter, open-label, phase 3, randomized
controlled trial that utilized regorafenib as the standard
of care in the comparator arm.? The trial was initiated in
view of preliminary data from a single-arm, phase 1b study
that showed a surprising 20% ORR in patients with micro-
satellite stable mCRC with the atezolizumab/cobimetinib
combination.? Patients with predominantly microsatellite-

stable unresectable mCRC had received previous treatment
with fluoropyrimidine, oxaliplatin, and irinotecan and had
developed progressive disease or were intolerant to therapy.
All patients had a baseline ECOG performance status of 0
or 1, a life expectancy of 3 months or more, and adequate
hematologic and end-organ function.

Patients were randomly assigned into 3 treatment
arms to receive the programmed death ligand 1 (PD-L1)
checkpoint inhibitor atezolizumab administered at 840
mg every 2 weeks, plus the MEK1/MEK2 inhibitor cobi-
metinib at 60 mg administered once daily for days 1 to
21 of a 28-day cycle (n=183), atezolizumab monotherapy
administered at 1200 mg every 3 weeks (n=90), or single-
agent regorafenib 160 mg administered once daily for
days 1 to 21 of a 28-day cycle (n=90).

The primary endpoint of overall survival was not
met in the IMblaze370 trial.> Overall survival did not
differ significantly among any of the treatment groups.
Median overall survival was 8.87 months with atezoli-
zumab plus cobimetinib, 7.10 months with atezolizumab
monotherapy, and 8.51 months with regorafenib. The
stratified HR was 1.00 (95% CI, 0.73-1.38; P=.99) for
atezolizumab plus cobimetinib vs regorafenib and 1.19
(0.83-1.71; P=.34 [for descriptive purposes only]) for
atezolizumab monotherapy vs regorafenib. Median PFS
was also not significantly different among the treatment
groups, at 1.91 months in the combination group, 1.94
months in the atezolizumab group, and 2.00 months in
the regorafenib group.

Regorafenib was chosen as the standard of care in
the comparator arm because it is approved globally in
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the treatment setting tested in the study. Notably, in this
randomized IMblaze370 trial, patients in the regorafenib
group survived longer than the protocol assumption of

6.4 months, which was based on the CORRECT study.'?
Real-World Analyses of Regorafenib

The CORRELATE Study

The CORRELATE study (Safety and Effectiveness of
Regorafenib in Routine Clinical Practice Settings) was a
prospective, observational cohort study designed to char-
acterize the safety and effectiveness of regorafenib in an
unselected, real-world population of patients with mCRC
who were treated in routine clinical practice settings.>®
This study was conducted across 126 centers throughout
Europe, Asia, and Latin America. The study population
consisted of patients with mCRC who were previously
treated with, or who were not considered candidates for,
other approved therapies and were selected for treatment
with regorafenib by the treating physician.

The primary objective of this study was to understand
the safety of regorafenib in real-world practice, as assessed
by treatment-emergent AEs reported during treatment
through 30 days afterward. The secondary objective was to
evaluate the efficacy of regorafenib in real-world practice,
as determined by overall survival, PFS, and disease control
rate. A total of 1037 patients were treated between April
2014 and July 2017 and were included in this analysis.
The final analysis cut-off date was December 15, 2017.

Approximately half of the patient population was 65
years or older. The primary tumor site was the colon in
70% of patients, the rectum in 28%, and the colon and
rectum in 2%. ECOG performance status was 0 or 1 in
87% of the population. A total of 39% of the population
had received at least 4 prior systemic treatments.

Regorafenib was initiated at a dose of 160 mg in 57%,
120 mg in 30%, or 80 mg or less in 13%. Dose reduc-
tions were more common among patients who initiated
treatment at the highest dose. However, the percentages
of patients requiring a dose interruption, delay, or other
modification were similar between the 160 mg and 120
mg initiation doses. Approximately half of patients (49%)
discontinued treatment owing to radiologic disease pro-
gression, and 19% discontinued because of regorafenib-
related treatment-emergent AEs.

Patients were assessed according to the treating phy-
sician’s routine practice.’ The median overall survival was
7.6 months (95% CI, 7.1-8.2), and the estimated rate of
1-year overall survival was 33.8%. The median PFS was
2.8 months (95% CI, 2.6-2.8), and the estimated rate of
6-month PFS was 18%.

All-grade treatment-emergent AEs considered related
to regorafenib occurred in 80% of patients, and were most
commonly fatigue (41%), hand-foot skin reaction (26%),

diarrhea (19%), mucositis (15%), hypertension (14%),
and anorexia (13%). Grade 3 or higher treatment-emergent
AEs that were related to regorafenib occurred in 36% of
patients. The most common of these were fatigue (9%),
hand-foot skin reaction (7%), and hypertension (6%).

The Japanese Post-Marketing Surveillance Study

A large, prospective, multicenter, observational postmar-
keting surveillance study evaluated the safety and efficacy
of regorafenib for the treatment of mCRC in real-world
conditions in a Japanese population.” The study included
1227 patients treated between March 2013 and May
2015. At baseline, the median age of the population
was 65 years, and 59% were male. Most patients had an
ECOG performance status of 0 (43.6%) or 1 (48.0%),
and 51.2% had KRAS wild-type disease. Prior systemic
therapies numbered 4 in 25.4%, 3 in 36.8%, and 1 or
2 in 37.8% of the population. Prior therapies included
bevacizumab in 91.0%, panitumumab in 34.6%, and
cetuximab in 27.7%.

The recommended dose of regorafenib was 160 mg
once daily for the first 3 weeks of a 4-week cycle, based
on the CORRECT trial.! Approximately two-thirds of
patients initiated regorafenib at this dose (65.4%); the
remaining patients initiated treatment at a daily dose of
120 mg (21.6%) or lower (13.0%). Dose modifications
were permitted according to the regorafenib label.®

The median duration of treatment was 7.6 weeks
(range, 0.1-86.3). A dose interruption was required by
49.3% of patients, and 42.1% required a dose reduction.
Treatment was discontinued owing to an AE for which a
causal relationship with regorafenib could not be excluded
(an adverse drug reaction, abbreviated as ADR) in 33%
of patients. Grade 3 or higher ADRs were reported in
51.8% of patients, and most often consisted of hand-foot
skin reaction (19.2%), hypertension (15.6%), liver injury
(11.5%), thrombocytopenia (4.7%), and decreased appe-
tite (2.7%). The most common ADR of any grade was
hand-foot skin reaction (58.2%), followed by liver injury
(31.4%) and hypertension (28.8%).

A landmark analysis identified several factors with a
significant effect on overall survival.” Factors associated
with better overall survival included resection of the pri-
mary site, the presence of hand-foot skin reaction on day
28, and the rectum as the primary site of disease. Factors
associated with worse overall survival included ascites,
metastasis in the liver, metastasis in the bone, an ECOG
performance status of 2 or higher, and a body surface area
of less than 1.6 m?.

The CORECT Registry

The Czech CORECT registry is a noninterventional
postmarketing database for patients with CRC who were
treated with targeted agents in clinical practice.” Twenty

Clinical Advances in Hematology & Oncology Volume 18, Issue 1, Supplement 2 January 2020



oncology centers in the Czech Republic contributed to
this registry. An analysis of 148 patients from the COR-
ECT registry showed that nearly all patients were either
fully active or slightly restricted in physical activity when
they began regorafenib treatment. Median PES was 3.5
months, and median overall survival was 9.3 months. At 1
year, 44.6% of patients were alive. Four patients achieved
a partial response, 51 had stable disease, and 66 patients
had disease progression. The primary AEs reported in this
registry were skin toxicity (5.4%) and fatigue (2.0%).

Clinical Trial Data for Trifluridine/Tipiracil

The RECOURSE Study

The double-blind, randomized, phase 3 RECOURSE study
(Randomized, Double-Blind, Phase 3 Study of TAS-102
Plus Best Supportive Care [BSC] Versus Placebo Plus BSC
in Patients With Metastatic Colorectal Cancer Refractory
to Standard Chemotherapies) assessed the safety and efh-
cacy of trifluridine/tipiracil in a broad patient population.'
RECOURSE was a double-blind, randomized phase 3
study that enrolled 800 patients with refractory mCRC.
Patients had received at least 2 prior standard treatments
(which could have included adjuvant chemotherapy), and
had experienced either disease progression within 3 months
after the last administration of chemotherapy or had devel-
oped intolerable toxicity with that therapy.

Patients were randomly assigned to trifluridine/tipi-
racil (35 mg/m? twice daily for 5 days a week, with 2 days
of rest, for 2 weeks, followed by a 14-day rest period) or
placebo. Patients repeated treatment cycles up to 4 times.
All patients in both arms also received best supportive
care. At randomization, patients were stratified by KRAS
status, the time from first diagnosis of metastasis, and
geographic region.

Baseline characteristics were well balanced between
the 2 treatment arms. The patients’ median age was 63
years, and 61% were male. ECOG performance status
was 0 in 56% and 1 in 44%. Most patients (61%) had
received 4 or more prior therapies.

Opverall survival, the primary endpoint, was reached
in the RECOURSE study. The median overall survival
was 7.1 months with trifluridine/tipiracil and 5.3 months
with placebo (HR, 0.68; 95% CI, 0.58-0.81; P<.001).
The improvement in overall survival achieved with triflu-
ridine/tipiracil was observed across nearly all prespecified
patient subgroups. Median PFS, a secondary endpoint,
was 2.0 months with trifluridine/tipiracil vs 1.7 months
with placebo (HR, 0.48; 95% CI, 0.41-0.57; P<.001).
This benefit was observed across all patient subgroups.
Among the patients evaluable for tumor response, 8
patients in the trifluridine/tipiracil arm had a partial
response, and 1 patient in the placebo arm had a complete
response (ORR of 1.6% vs 0.4%, respectively; P=.29).

CLINICAL ROUNDTABLE MONOGRAPH

The disease control rate was significantly higher in the
trifluridine/tipiracil arm as compared with the placebo
arm (44% vs 16%, respectively; P<.001).

Treatment with trifluridine/tipiracil resulted in a
significant delay in the worsening of ECOG performance
status from baseline levels of 0 or 1 to 2 or higher.!® The
median time to an ECOG performance status of 2 or higher
was 5.7 months with trifluridine/tipiracil vs 4.0 months
with placebo (HR, 0.66; 95% CI, 0.56-0.78; P<.001).

Adverse events of grade 3 or higher were more fre-
quent with trifluridine/tipiracil compared with placebo.
They included neutropenia (38% vs 0%), anemia (18% vs
3%), and thrombocytopenia (5% vs <1%). Patients in the
trifluridine/tipiracil arm were also more likely to develop
grade 3 or higher nausea (2% vs 1%), vomiting (2% vs
<1%), and diarrhea (3% vs <1%).

The TERRA Study
The randomized, double-blind, placebo-controlled phase
3 TERRA trial (Study of TAS-102 in Patients With Meta-
static Colorectal Cancer in Asia) was a confirmatory trial
that evaluated trifluridine/tipiracil in an Asian population
with mCRC." Overall, patients in this study had lower
exposure to biologic agents than seen in the RECOURSE
study. Patients from 30 sites across China, the Republic of
Korea, and Thailand were randomly assigned to treatment
with trifluridine/tipiracil (n=271) or placebo (n=135).
The median overall survival was 7.8 months with
trifluridine/tipiracil vs 7.1 months with placebo. The risk
of death was significantly lower with trifluridine/tipiracil
vs placebo (HR, 0.79; 95% CI, 0.62-0.99; log-rank
P=.035). The incidence of serious AEs was similar in both
arms. Unlike the data for regorafenib in CONCUR vs
CORRECT, the magnitude of survival benefit reported in
the TERRA study was historically similar to that reported
in the RECOURSE trial.!>!*1!

Real-World Analysis of Trifluridine/Tipiracil
The phase 3b PRECONNECT study (An Open-Label
Early Access Phase IIIb Study of Trifluridine/Tipiracil
[S 95005/TAS-102]) in Patients With a Pretreated
Metastatic Colorectal Cancer) evaluated the safety and
efficacy of trifluridine/tipiracil in daily practice.’? The
study included 462 patients from 10 countries who had
received at least 1 dose of treatment. The patients’ median
age was 64 years (range, 28-87), and 63.6% were male.
More than 97% had received previous treatment with
fluoropyrimidine, oxaliplatin, or irinotecan, and 96.3%
had received oxaliplatin plus irinotecan. Other treatments
included anti-VEGF therapy in 83.9%, ant-EGFR
therapy in 41.5%, and regorafenib in 35.7%.

After at least 5 months of follow-up, the median
treatment duration was 3 months (range, 0.5-11.0), and
the median number of cycles was 3 (range, 1-12). At the
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Figure 4. Overall survival after discontinuation of regorafenib
in a retrospective review of case series of patients with metastatic
colorectal cancer. Adapted from Kidd M et al. ASCO GI abstract
678. J Clin Oncol. 2015;33(3 suppl).’

time of data cutoff, 77.3% of patients had withdrawn
from the study owing to progressive disease. Other rea-
sons for study withdrawal included AEs in 6.7% and
treatment-related AEs in 2.2%. Forty deaths occurred.

Among 414 patients who received trifluridine/tipi-
racil and underwent a postbaseline tumor evaluation, the
median PFS was 2.8 months (95% CI, 2.7-3.3), and the
disease control rate was 36.8% (95% CI, 32.4%-41.4%).
The ORR was 2.4% (95% CI, 1.2%-4.2%). The median
overall survival was not reached.

AEs were reported by 92.6% of patients. The median
relative dose intensity was 89%. An AE required a dose
reduction in 8% of patients; the most common reason
was neutropenia (2.8%). Adverse events of grade 3 or
higher were reported in 72.5% of patients; the most
common grade 3 or higher events were neutropenia in
39.3%, anemia in 11.8%, and diarrhea in 5.2%. Febrile
neutropenia was reported in 1.7% of patients. Drug-
related AEs occurred in 74.5%. The most common drug-
related AEs were neutropenia (49.5%), nausea (27.7%),
and diarrhea (20.6%). AEs of grade 3 or higher related to
treatment were reported in 48.6%. The most common of
these events were neutropenia (38%) and anemia (7.1%).
Nonhematologic grade 3 or higher treatment-related AEs
included diarrhea (3.5%) and fatigue (2.2%). The median
time to an ECOG performance status of 2 or higher was
8.7 months (range, 0.2-11.0).

Clinical Evidence for the Use of Regorafenib
Before Chemotherapy Rechallenge
Kidd and colleagues conducted a multi-institution retro-

spective review of case series from patients with mCRC
treated at Mayo Clinic, MD Anderson, or the University
of Southern California.'® This review analyzed the response
to chemotherapy administered after regorafenib. Response
and disease progression outcomes were determined by
investigator review of imaging and clinical notes.

A rtotal of 173 patients were identified. Of these,
11 patients (6%) were continuing treatment with rego-
rafenib and 98 patients (57%) received no subsequent
therapy. A total of 64 patients (37%) received treatment
after regorafenib. Among these patients, 31 were treated
in a phase 1 clinical trial, and 33 patients received a stan-
dard approved therapy. The latter patients were analyzed
for response outcomes. Twenty of these patients had a
partial response or stable disease (61%) and 11 developed
disease progression (33%). (Two patients [6%] were
not evaluable.) The median overall survival for patients
who received a standard agent after regorafenib was 6.5
months (95% CI, 4.9-9.4)."" The probability of survival
decreased steadily with increasing time after discontinua-
tion of regorafenib, and was 72% at 3 months, 52% at 6
months, and 27% at 12 months (Figure 4).

The authors of this collaborative retrospective review
concluded that further treatment after regorafenib could
be considered in appropriate patients. In some cases,
patients responded to a treatment they had already
received in an earlier line of therapy.

A retrospective study by Tai and colleagues com-
pared the efficacy of different sequencing regimens
of regorafenib and reduced-intensity FOLFOXIRI in
mCRC." Specifically, a regorafenib-first strategy (n=136)
was compared against a reduced-intensitcy FOLFOXIRI
(iFOLFOXIRI)-first strategy (n=55), with the goal to
determine if one approach provided a survival advan-
tage in the treatment of refractory mCRC. This single-
center retrospective cohort study included patients treated
between August 2012 and January 2018 in a Taiwanese
hospital. Patients were refractory to treatment with cetux-
imab (if they had wild-type RAS disease), bevacizumab,
irinotecan, oxaliplatin, and fluorouracil.

Among the 136 patients assigned to the regorafenib-
first strategy, 41 (30.1%) switched to subsequent
riFOLFOXIRI, while 95 patients (69.9%) received
only regorafenib. Among the 55 patients assigned to
the riFOLFOXIRI-first strategy, 47 (85.5%) went on to
switch to subsequent regorafenib, and 8 patients (14.5%)
received only riFOLFOXIRI. A total of 58.5% of patients
in the regorafenib-first group initiated regorafenib at a
dose of 120 mg daily, and 68.1% initiated regorafenib at
a dose of 120 mg daily in the riIFOLFOXIRI-first group.

Patients assigned to the riFOLFOXIRI-first group
were younger than those assigned to the regorafenib-
first group (57.3 vs 65.8 years; P<.001). Other baseline
characteristics, including body mass index, ECOG
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Table 2. Responses to Different Sequences in a Study of Regorafenib and Reduced-Intensity FOLFOXIRI

n (%) PValue
Regorafenib First (n=136) | riFOLFOXIRI First (n=55)
Best response during treatment course
Progressive disease 73 (53.7) 26 (47.3) .005*
Stable disease 52 (38.2) 14 (25.5)
Partial response 4(2.9) 6(10.9)
Not accessible 7 (5.1) 9 (16.4)
Reasons for treatment discontinuation
Progressive disease 115 (84.6) 43 (78.2) .004*
Adverse effect 8 (5.9) 11 (20)
Ongoing treatment® 13 (9.6) 1(1.8)
Follow-up time (mean + SD) (months) 12+ 10.7 12.5 + 10.6 .683

'P<.05.

*Number of patients in ongoing treatment at last follow-up.

riFOLFOXIRI, reduced-intensity leucovorin, fluorouracil, oxaliplatin, and irinotecan; SD, standard deviation.

Adapted from Tai CC et al. Am J Clin Oncol. 2020;43(1):28-34.

performance status, disease stage, and RAS mutation
status, did not differ significantly between the 2 groups.

Patients in the regorafenib-first group experienced
a significant overall survival benefit compared with the
riFOLFOXIRI-first group. The median overall survival was
13.8 vs 10.7 months, respectively (HR, 0.67; P=.038)."
Median PFS was 4.97 months in the riFOLFOXIRI-first
group vs 3.17 months in the regorafenib-first group, a dif-
ference that did not achieve statistical significance (HR,
0.916; P=.622). The rate of partial response was higher
with the riIFOLFOXIRI-first strategy (10.9% vs 2.9%
in the regorafenib-first group), whereas the rate of stable
disease was higher with the regorafenib-first strategy
(38.2% vs 25.5% in the riFOLFOXIRI-first group).
Overall, the median duration from the date of first
detected metastasis to the date of death or loss to follow-
up was 33.5 months for the entire patient population.
This duration was significantly longer among patients
in the regorafenib-first group compared with patients
in the riFOLFOXIRI-first group (36.5 vs 27.8 months;
P=.004).

A subgroup analysis aimed to identify patient and
disease characteristics associated with the best outcomes
in the regorafenib-first group.' Patients with the follow-
ing characteristics were favored in the regorafenib-first
treatment sequence: younger age (<70 years), ECOG
performance status of 0, initial stage IV according to
criteria from the American Joint Committee on Cancer,
pathologic diagnosis of adenocarcinoma, and presence of
the RAS gene mutation.

Significantly more patients discontinued treatment
owing to progressive disease in the regorafenib-first group

vs the riIFOLFOXIRI-first group (84.6% vs 78.2%;
P=.004; Table 2). More patients in the riFOLFOXIRI-
first group discontinued treatment owing to intolerable
adverse effects (20% vs 5.9%).

The study authors concluded that these data demon-
strated that a regorafenib-first strategy provides a survival
benefit, despite the lack of a PFS benefit and lower partial
response rate compared with the riFOLFOXIRI-first strat-
egy." Although patients in the iFOLFOXIRI-first group
achieved a better partial response rate, they had only a mar-
ginally better PES, and the benefit in the partial response
rate did not translate into a better overall survival.
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Mechanism of Action of Regorafenib
Regorafenib is an oral, multitargeted tyrosine kinase
inhibitor that targets different normal cellular func-
tions and pathologic processes to combat tumors. The
mechanism of action of regorafenib can be thought of as
a 4-pronged strategy (Table 3). First, regorafenib blocks
tumor angiogenesis primarily by targeting key angiogenic
receptors: VEGF receptors (VEGFRs) 1, 2, and 3; TIE2;
platelet-derived growth factor receptors (PDGFRs) o
and 3; and fibroblast growth factor receptors (FGFRs) 1
and 2.'? Second, regorafenib blocks metastasis through
inhibition of VEGFR 2 and 3, important mediators
involved in endothelial cell proliferation and migration.**
PDGEFR, believed to play a role in cancer-associated,
fibroblast-induced metastasis, is also inhibited by rego-
rafenib.’ Third, regorafenib disrupts tumor immunity by
inhibiting colony stimulating factor 1 receptor (CSF1R),
a receptor important for macrophage proliferation.®
Fourth, regorafenib potently blocks multiple protein
kinases, including KIT, RAF-1, and RET, enzymes that
are important in oncogenesis."

New Insights Into Regorafenib’s Mechanism
of Action

As was previously discussed, regorafenib directly targets
the tumor microenvironment through inhibition of
multiple tyrosine kinases. Recent studies have furthered

our understanding of other mechanisms by which rego-
rafenib may act. One strategy may be through stimulat-
ing the immune system. Data show that regorafenib can
positively interfere with the immunosuppressive state,
increasing the immunosensitivity of the tumor or the
tumor microenvironment.

One way in which regorafenib may affect the
immune system is via VEGFR inhibition. VEGF-induced
angiogenesis results in abnormal tumor vasculature, lead-
ing to hypoxic-related effects that in turn create an immu-
nosuppressive tumor microenvironment. VEGF is the
major angiogenic growth factor, and it is also produced by
several different immune cells. Increased VEGF directly
inhibits traflicking, proliferation, and effector functioning
of cytotoxic T lymphocytes. VEGF also inhibits dendritic
cell maturation and antigen presentation, further dimin-
ishing T-cell activation and the T cell-mediated anticancer
immune response. High VEGF expression can promote
the recruitment and proliferation of immunosuppressive
cells, including regulatory T cells, myeloid-derived sup-
pressor cells, and tumor-associated macrophages.”

Regorafenib may also impact immune mechanisms
by blocking angiopoietin 2 (ANG2) signaling. In addi-
tion to its role in angiogenesis, ANG2 promotes tumor
immunosuppression through multiple mechanisms.
ANG? facilitates recruitment of immunosuppressive cells
(myeloid-derived suppressor cells, regulatory T cells, and
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Table 3. Regorafenib: Mechanisms of Action

Angiogenesis

* Regorafenib inhibits the VEGF receptors 1, 2, and 3

* Regorafenib inhibits the FGF receptors 1 and 2, the
angiopoietin 1 receptor TIE2, and the PDGF receptors
alpha and beta

Inhibition of Tumor Metastasis

* Inhibition of tumor metastasis is thought to occur through
both antiangiogenic and antiproliferative mechanisms

Oncogenesis

* Regorafenib blocks multiple oncogenic pathways, includ-

ing RAF-1, RET, and KIT

Tumor Immunity

* Regorafenib inhibits CSF1R, a tyrosine kinase receptor
that is involved in macrophage proliferation

* Regorafenib may work in concert with anti-PD-1/PD-L1
antibodies to augment the anticancer immune response

FGE fibroblast growth factor; PD-1, programmed cell death 1; PDGEF,
platelet-derived growth factor; PD-L1, programmed cell death ligand 1;
VEGE vascular endothelial growth factor.

TIE2 [the ANG1 and ANG?2 receptor] expressing mono-
cytes) by triggering adhesion molecule expression and
increasing leukocyte-endothelial interactions. In addition,
ANG?2 promotes immune cell migration out of the vascu-
lature and into the tumor microenvironment. ANG2 also
negatively regulates the anticancer activity of monocytes
by suppressing secretion of tumor necrosis factor.”

Regorafenib can also directly interfere with macro-
phage colony-stimulating factor 1 (CSF-1) and the CSF-1
receptor axis, which promotes monocyte differentiation
into tumor-associated macrophages.”

Preclinical Data Suggesting That
Regorafenib May Sensitize Tumors to
Chemotherapy
Chemosensitization is the process by which a therapeutic
agent renders tumor cells more sensitive to chemotherapy,
overcoming acquired chemotherapy resistance.® A num-
ber of preclinical studies have suggested that regorafenib
may have a role in chemosensitization. The molecular
mechanisms of observed synergy between regorafenib and
other agents are not fully understood, but may involve the
action of the proapoptotic protein PUMA and the modu-
lation of drug transporters that can affect the concentra-
tion of chemotherapy in the tumor microenvironment.”!
A study combined regorafenib with anticancer agents
to test for in vitro effects on several patient-derived xeno-
grafts in mice.!! Although regorafenib alone significantly
inhibited tumor growth in several xenografts, enhanced
antitumor effects were observed when regorafenib was

combined with irinotecan. The authors noted that
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particular, chemosensitizing effects were observed with
the DNA-damaging topoisomerase I inhibitor irinotecan
in PDGFR-amplified tumors.

The combination of regorafenib and irinotecan
inhibited the growth of oxaliplatin- and bevacizumab-
refractory colon cancer tumor xenografts.'”” In this
study, irinotecan alone and the regorafenib-irinotecan
combination both inhibited the growth of xenografted
tumors based on patient tissue samples. This combina-
tion demonstrated significant inhibition of tumor growth
compared with irinotecan alone (P<.0106).

Regorafenib also acted synergistically with another
topoisomerase inhibitor, topotecan, against colon cancer
xenografts in nude mice." In particular, this combination
was observed to show synergistic activity in mitoxantrone-
resistant xenograft tumors.

Combination treatment with regorafenib plus
5-fluorouracil also acts synergistically.'* Regorafenib in
combination with 5-fluorouracil significantly suppressed
the generation of colon tumor spheres in 5-fluorouracil-
resistant cells in vitro, compared with a dimethylsulfoxide
(DMSO) control. Regorafenib in combination with
5-fluorouracil also significantly inhibited tumor growth
in vivo, compared with the DSMO control. The study
authors reported that regorafenib was associated with an
increased level of the microRNA miR-34a, and that this
expression may lead to the reversal of anticancer drug
resistance. Another study further demonstrated syner-
gistic activity in CRC cell lines sensitive to single-agent
regorafenib and 5-fluorouracil.”” Synergistic effects were
particularly prominent in CRC cell lines that possessed
KRAS, BRAF, or P53 mutations, as well as in mismatch
repair—deficient cells.

Regorafenib and the microtubule-interfering agent
paclitaxel demonstrated synergistic activity against the
tumor microenvironment, suppressing the growth of xeno-
grafted tumors. Importantly, these xenografts consisted of
doxorubicin-resistant human colon tumors that overex-
pressed the membrane drug transporter ABCBI. The syn-
ergistic effects observed between regorafenib and paclitaxel
were attributed to the inhibitory effect of regorafenib on
ABCB! efflux activity, which in turn facilitates paclitaxel
accumulation within the tumor microenvironment.'

A regorafenib/cetuximab combination demonstrated
synergistic activity, overcoming acquired EGFR resistance
in CRC xenografts with a KRAS mutation and acquired
cetuximab resistance. Specifically, the combination of
regorafenib and cetuximab inhibited the growth of these
cetuximab-resistant tumors in vivo to a greater degree
than either agent alone.'

Clinical Data Suggesting That Regorafenib
May Sensitize Tumors to Chemotherapy
The preclinical synergy observed between regorafenib and
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Figure 5. Response rates in a trial that evaluated sequential
administration of regorafenib and FOLFIRI in patients with
metastatic colorectal cancer. FOLFIRI, leucovorin, fluorouracil,
and irinotecan. Adapted from Sanoff HK et al. Cancer.
2018;124(15):3118-3126.7

various agents was found to translate to the clinical set-
ting. Collectively, these clinical studies of regorafenib and
chemotherapy—administered sequentially and in combi-
nations—resulted in increased chemotherapy exposure,
improvements in survival and duration of therapy, and
increases in response rates and duration of response as
compared with monotherapies.

A multicenter study of regorafenib/chemotherapy
combinations in 45 patients found that regorafenib
increased exposure to both irinotecan and SN-38.7
Specifically, the areas under the curve of irinotecan and
SN-38 were significantly higher after regorafenib dosing
compared with before.

Regorafenib  administered with chemotherapy
improved overall survival and PFS compared with rego-
rafenib monotherapy in a single-center, retrospective
study of 61 patients.”® In this study, the chemotherapy
agents tested in combination with regorafenib were
5-fluorouracil-based agents, namely oxaliplatin, irino-
tecan, FOLFOX, and FOLFIRI. Overall, the median
overall survival was 20.9 months with the combination vs
10.3 months with single-agent regorafenib (P=.015). The
median PFS was 3.7 months vs 3.5 months, respectively
(P=.09). The median duration of therapy was 4.5 months
with the combination vs 2.9 months with single-agent
regorafenib (P=.037). Responses at 3 months were higher
in the combination group vs the monotherapy group
(P=.006). A tolerable safety profile was reported in the
combination group.

Regorafenib was sequentially administered with
FOLFIRI to evaluate efficacy in patients who had pro-
gressed during treatment with an oxaliplatin/fluoropyrim-
idine-based regimen.' This randomized, double-blind,
placebo-controlled trial conducted across 45 academic

centers included 181 patients with unresectable mCRC
who had progressed on oxaliplatin and 5-fluorouracil or
capecitabine (with or without prior biologic therapy). An
intermittent dosing schedule of regorafenib was selected
to minimize the overlap of toxicities with both treat-
ments. Median PFS was 6.1 months with regorafenib/
FOLFIRI vs 5.3 months with FOLFIRI alone (HR, 0.73;
P=.056). The PFS in patient subgroups showed a trend
toward a benefit for the sequential treatment. However,
more patients in the regorafenib/FOLFIRI arm required
dose reductions in 5-fluorouracil (66%) or irinotecan
(66%) than patients treated with FOLFIRI alone (33%
and 30%, respectively). The ORR was 34% for patients
treated with regorafenib and FOLFIRI vs 21% with
FOLFIRI alone, a difference that did not reach statistical
significance (P=.07; Figure 5)." Median overall survival
was 13.8 months vs 11.7 months, respectively, a differ-
ence that was not significant (HR, 1.01; P=.94). Patients
treated with the sequential administration of regorafenib
and FOLFIRI experienced higher rates of cytopenia than
those treated with FOLFIRI alone.

The CORDIAL study (First Line Treatment of Meta-
static Colorectal Cancer With mFOLFOX6 in Combina-
tion With Regorafenib) assessed the activity and tolerabil-
ity of sequential administration of a modified FOLFOX
regimen (mFOLFOX) and regorafenib in mCRC.?
This international, multicenter, open-label phase 2 trial
enrolled patients with mCRC eligible for treatment with
mFOLFOX. mFOLFOX was administered on days 1 and
15 of a 28-day cycle, and regorafenib was administered on
days 4 to 10 and 18 to 24. The investigators hypothesized
that a longer duration of therapy with sequential rego-
rafenib and FOLFOX vs standard treatment would help
patients maintain tumor control. Among the primary
analysis population of 41 patients, sequentially adminis-
tered regorafenib and mFOLFOXG6 resulted in an ORR of
43.9% and a disease control rate of 85.4%. Best change
in target lesion size is shown in Figure 6. The overall dura-
tion of treatment was 9.9 months, exceeding the 6 months
typically seen with standard first-line therapies in phase
3 studies. Six patients received at least 1 component of
study treatment for 1 year or longer, and 5 patients were
still receiving regorafenib more than 6 months after the
data cutoff. Although the study did not meet its primary
endpoint of an increase in response rate compared with
historical controls, the observed duration of therapy led
the investigators to recommend further exploration of the
addition of regorafenib to standard treatment to maintain
tumor control.

The REVERCE Study

REVERCE was an open-label, randomized, phase 2 Japa-
nese trial that evaluated the sequence of regorafenib fol-
lowed by cetuximab compared with cetuximab followed by
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regorafenib in patients with mCRC.?! The study enrolled
patients with confirmed locally advanced or metastatic
CRC that was KRAS wild-type. All patients had progressed
following treatment with fluoropyrimidines, oxaliplatin,
and irinotecan; had an ECOG performance status of 0 to
2; and had adequate organ function.

The trial randomly assigned patients to sequential
treatment with regorafenib followed by cetuximab with or
without irinotecan (R-C; n=51), or sequential treatment
with cetuximab with or without irinotecan followed by
regorafenib (C-R; n=50). In both arms, regorafenib was
administered at a dose of 160 mg once daily on days 1
to 21 of a 28-day cycle. At the time of randomization,
patients were stratified by study site, prior bevacizumab
treatment history, and intention to use irinotecan with
cetuximab. Treatment was continued until disease pro-
gression, unacceptable toxicity, or patient withdrawal. In
both arms, the second sequential treatment was initiated
within 7 and 28 days after completion of the first treat-
ment in the sequence, provided that all predefined criteria
for treatment continuation were met.

The primary endpoint of the study was overall sur-
vival. Secondary endpoints included PES with the initial
treatment, PES with the second treatment, safety, and

quality of life. Study enrollment was stopped prematurely
based on slower than expected accrual of patients and a
funding shortage.

The baseline characteristics of patients were relatively
similar between the study arms. The median age was 68
years in the R-C arm and 65 years in the C-R arm. In
both arms, approximately two-thirds of patients were
male. The primary tumor location was left-sided in 75%
of patients in the R-C arm and 86% of patients in the
C-R arm. Regorafenib dose reductions were required in
65% of patients in the R-C arm and 38% of patients in
the C-R arm. However, the duration of regorafenib expo-
sure was longer in the R-C arm vs the C-R arm.

Median overall survival, the primary endpoint, was
17.4 months in the R-C arm vs 11.6 months in the C-R
arm (HR, 0.61; 95% CI, 0.39-0.96; stratified log-rank
P=.0293). The median time to sequential treatment
failure was also significantly prolonged with R-C vs
C-R, at 7.4 months vs 6.1 months (HR, 0.60; 95% CI,
0.39-0.92; P=.017). Median PFS for the entire sequential
therapy was 9.0 months vs 7.1 months, respectively (HR,
0.55; 95% CI, 0.34-0.90; P=.015).

Grade 3 or higher nonhematologic AEs reported with
regorafenib occurred in 71% of the R-C arm and 63% of
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the C-R arm. Those associated with cetuximab occurred
in 57% of the R-C arm and 50% of the C-R arm.

Following the first treatment in the sequence, RAS
mutations emerged in the circulating tumor DNA
(ctDNA) of 1 patient following regorafenib (R-C arm)
and 11 patients following cetuximab (C-R arm). Other
emerging gene mutations were also identified at a greater
frequency following cetuximab vs regorafenib; these
events were associated with worse overall survival out-
comes compared with wild-type patients.!

Disclosure

Dr Yoshino has received research funding from Novartis
Pharma KK, MSD KK, Sumitomo Dainippon Pharma,
Chugai Pharmaceutical, Sanofi KK, Daiichi Sankyo, Parexel
International, Ono Pharmaceutical, GlaxoSmithKline KK,
and Boehringer Ingelheim Japan.

References

1. Zopf D, Fichtner I, Bhargava A, et al. Pharmacologic activity and pharma-
cokinetics of metabolites of regorafenib in preclinical models. Cancer Med.
2016;5(11):3176-3185.

2. Wilhelm SM, Dumas J, Adnane L, et al. Regorafenib (BAY 73-4506): a new
oral multikinase inhibitor of angiogenic, stromal and oncogenic receptor tyrosine
kinases with potent preclinical antitumor activity. /nt J Cancer. 2011;129(1):245-
255.

3. Zhao Y, Adjei AA. Targeting angiogenesis in cancer therapy: moving beyond
vascular endothelial growth factor. Oncologist. 2015;20(6):660-673.

4. Schmieder R, Hoffmann J, Becker M, et al. Regorafenib (BAY 73-4506): anti-
tumor and antimetastatic activities in preclinical models of colorectal cancer. Inz J
Cancer. 2014;135(6):1487-1496.

5. Takigawa H, Kitadai Y, Shinagawa K, et al. Multikinase inhibitor regorafenib
inhibits the growth and metastasis of colon cancer with abundant stroma. Cancer
Sci. 2016;107(5):601-608.

6. Matsushime H, Roussel ME Ashmun RA, Sherr CJ. Colony-stimulating
factor 1 regulates novel cyclins during the G1 phase of the cell cycle. Cell.
1991;65(4):701-713.

7. Fukumura D, Kloepper J, Amoozgar Z, Duda DG, Jain RK. Enhancing cancer

immunotherapy using antiangiogenics: opportunities and challenges. Nat Rev Clin
Oncol. 2018;15(5):325-340.

8. Campbell BC, Chan KL, Kim JH. Chemosensitization as a means to augment
commercial antifungal agents. Front Microbiol. 2012;3:79.

9. Chen D, Wei L, Yu J, Zhang L. Regorafenib inhibits colorectal tumor growth
through PUMA-mediated apoptosis. Clin Cancer Res. 2014;20(13):3472-3484.
10. Wang Y], Zhang YK, Zhang GN, et al. Regorafenib overcomes chemothera-
peutic multidrug resistance mediated by ABCBI transporter in colorectal cancer:
in vitro and in vivo study. Cancer Lett. 2017;396:145-154.

11. Daudigeos-Dubus E, Le Dret L, Lanvers-Kaminsky C, et al. Regorafenib:
antitumor activity upon mono and combination therapy in preclinical pediatric
malignancy models. PLoS One. 2015;10(11):¢0142612.

12. Schmieder R, Hoffmann J, Becker M, et al. Regorafenib (BAY 73-4506): anti-
tumor and antimetastatic activities in preclinical models of colorectal cancer. fnt J
Cancer. 2014;135(6):1487-1496.

13. Zhang YK, Wang Y], Lei ZN, et al. Regorafenib antagonizes BCRP-mediated
multidrug resistance in colon cancer. Cancer Lett. 2019;442:104-112.

14. Cai MH, Xu XG, Yan SL, et al. Regorafenib suppresses colon tumorigenesis
and the generation of drug resistant cancer stem-like cells via modulation of miR-
34a associated signaling. / Exp Clin Cancer Res. 2018;37(1):151.

15. Marks EI, Tan C, Zhang J, et al. Regorafenib with a fluoropyrimidine for met-
astatic colorectal cancer after progression on multiple 5-FU-containing combina-
tion therapies and regorafenib monotherapy. Cancer Biol Ther. 2015;16(12):1710-
1719.

16. Napolitano S, Martini G, Rinaldi B, et al. Primary and acquired resistance
of colorectal cancer to anti-EGFR monoclonal antibody can be overcome by
combined treatment of regorafenib with cetuximab. Clin Cancer Res. 2015;21
(13):2975-2983.

17. Schultheis B, Folprecht G, Kuhlmann J, et al. Regorafenib in combination
with FOLFOX or FOLFIRI as first- or second-line treatment of colorectal cancer:
results of a multicenter, phase Ib study. Ann Oncol. 2013;24(6):1560-1567.

18. Lin CY, Lin TH, Chen CC, Chen MC, Chen CP. Combination chemotherapy
with regorafenib in metastatic colorectal cancer treatment: a single center, retro-
spective study. PLoS One. 2018;13(1):e0190497.

19. Sanoff HK, Goldberg RM, Ivanova A, et al. Multicenter, randomized, double-
blind phase 2 trial of FOLFIRI with regorafenib or placebo as second-line therapy
for metastatic colorectal cancer. Cancer. 2018;124(15):3118-3126.

20. Argilés G, Saunders MP, Rivera F, et al. Regorafenib plus modified FOLFOX6
as first-line treatment of metastatic colorectal cancer: a phase II trial. Eur J Cancer.
2015;51(8):942-949.

21. Shitara K, Yamanaka T, Denda T, et al. REVERCE: a randomized phase II
study of regorafenib followed by cetuximab versus the reverse sequence for pre-
viously treated metastatic colorectal cancer patients. Ann Oncol. 2019;30(2):
259-265.

How Translational Research Can Guide the Use
of Regorafenib in Patients With Metastatic

Colorectal Cancer

Gerald W. Prager, MD

Department of Medicine
Division of Oncology
Medical University of Vienna
Vienna, Austria

The Impact of Regorafenib’s Mechanism of
Action on Treatment Sequencing

Studies conducted over the past several years have estab-
lished that if patients with mCRC are treated with anti-
VEGF agents in the first-line and second-line settings,
then these agents should be continued in subsequent lines

to improve the outcome of chemotherapy. This finding
was demonstrated in a preclinical study by Mancuso and
colleagues that assessed regrowth of blood vessels after
VEGER inhibition in a mouse model of lung carcinoma.’
VEGER inhibition led to significant loss of the tumor
vasculature, which began to be repaired immediately fol-
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lowing drug withdrawal and continued until the tumors
were fully revascularized. Importantly, the regrown vas-
culature regressed to a similar degree upon re-exposure
to the VEGEFR inhibitor. Evidence for the importance of
continuing bevacizumab was supported by clinical obser-
vations in a subgroup analysis of the phase 3 N016966
trial.? The analysis showed that patients who continued
treatment with bevacizumab until disease progression
experienced much better outcomes than those who
stopped bevacizumab after 6 months.

Regorafenib blocks angiogenesis via much broader
mechanisms than anti-VEGFR targeted agents, and
may therefore be able to overcome resistance by target-
ing bypass mechanisms of anti-VEGF antibodies. Thus,
there is a rationale to use regorafenib in the third-line
setting if the patient had been previously exposed to an
anti-VEGEFR agent.

The previously described phase 3 trials CORRECT
and CONCUR showed that patients treated with
regorafenib have a superior prognosis when compared
with placebo.>* A retrospective exploratory analysis of
the CORRECT trial investigated the clinical activity
of regorafenib in biomarker subgroups of the patient
population.’ These subgroups were defined by tumor
mutational status or plasma protein levels, which were
assessed by BEAMing (beads, emulsion, amplification,
magnetics) technology to identify KRAS, PIK3CA, and
BRAF mutations in blood plasma ctDNA. Overall, this
analysis showed that all patient subgroups benefited from
treatment with regorafenib vs placebo. The benefit with
regorafenib was maintained independent of the patient’s
RAS or KRAS mutation status, PIK3CA mutation status,
or NRAS or BRAF mutation status.

Choosing Between Regorafenib and

Trifluridine/Tipiracil in the Third-Line Setting
Although both regorafenib and trifluridine/tipiracil
are approved for the treatment of patients with mCRC
whose disease is refractory to standard chemotherapy,
it remains unclear which drug should be used first.
The retrospective REGOTAS study (Propensity Score
Analysis of Regorafenib Versus Trifluridine/Tipiracil in
Patients With Metastatic Colorectal Cancer Refractory to
Standard Chemotherapy) addressed this question.® This
Japanese study included 550 patients with mCRC who
were treated with regorafenib (n=223) or trifluridine/tipi-
racil (n=327) between June 2014 and September 2015.
Data were retrospectively collected from 24 institutions in
Japan. Overall survival was calculated using Cox’s propor-
tional hazard models, which included a propensity score
adjustment for baseline characteristics. The median over-
all survival among patients treated with either regorafenib
or trifluridine/tipiracil was similar (7.9 vs 7.4 months,
respectively). A propensity score adjusted analysis iden-
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tified an adjusted HR of 0.96 (95% CI, 0.78-1.18). A
statistically significant interaction with age was observed
in a subgroup analysis. Regorafenib was associated with
better survival in patients younger than 65 years (HR,
1.29; 95% CI, 0.98-1.69), whereas trifluridine/tipiracil
was associated with better survival in patients ages 65
years and older (HR, 0.78; 95% CI, 0.59-1.03).°

Despite the evidence for regorafenib in the third-line
setting, in clinical practice, patients are instead frequently
rechallenged with an earlier treatment. However, the
level of evidence supporting rechallenge is much lower
than switching to third-line treatment with regorafenib,’
which is supported by phase 3 randomized prospective
clinical trials.

Sequencing Regorafenib to Optimize Timing
of EGFR Inhibitor Rechallenge
The CRICKET trial (Cetuximab Rechallenge in
Irinotecan-Pretreated mCRC, KRAS, NRAS and BRAF
Wild-Type Treated in 1st Line With Anti-EGFR Therapy)
evaluated the use of liquid biopsy to identify patients who
might benefit from EGFR inhibitor rechallenge.® This
small, noncomparative, prospective, open-label, mul-
ticenter, single-arm, phase 2 trial enrolled patients with
RAS/BRAF wild-type mCRC. All 28 patients in the study
were initially sensitive to first-line treatment with either
FOLFOX or FOLFIRI plus cetuximab, and then devel-
oped resistance to treatment. Patients went on to second-
line treatment with either FOLFOXIRI, FOLFOX, or
capecitabine plus oxaliplatin, all administered with beva-
cizumab. Patients then received irinotecan plus cetuximab
in the third-line setting.

A response was seen in 6 patients (21%); all were par-
tial responses (Figure 7).® Stable disease was reported in 9
patients (32%), for a disease control rate of 54%. Among
the 25 patients evaluated for a radiologic response, 52%
showed tumor shrinkage. The median duration of disease
control was 9.9 weeks (95% CI, 8.1-23.1). The median
PES was 3.4 months (95% CI, 1.9-3.8), and the median
overall survival was 9.8 months (95% CI, 5.2-13.10).

Interestingly, RAS mutations were identified in liquid
biopsy samples collected at the time of third-line rechal-
lenge in 12 of 25 patients (48%) evaluated for a radiologic
response with computed tomography. No RAS mutations
were detected in the ccDNA obtained from the 4 patients
whose partial response was confirmed, whereas RAS muta-
tions were identified in 12 of the 21 patients (57%) who
did not achieve a partial response. Median PES was 4.0
months in patients with wild-type RAS vs 1.9 months in
those with mutated RAS (HR, 0.44; 95% CI, 0.18-0.98;
P=.03). Median overall survival was 12.5 months vs 5.2
months, respectively, but this difference was not statisti-
cally significant (HR, 0.58; 95% CI, 0.22-1.52; P=.24).
No BRAF or PIK3CA mutations were identified
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Figure 7. Tumor response in the phase 2 CRICKET trial of cetuximab rechallenge in patients with RAS/BRAF wild-type metastatic
colorectal cancer. CRICKET, Cetuximab Rechallenge in Irinotecan-Pretreated mCRC, KRAS, NRAS and BRAF Wild-Type Treated in
Lst line With Anti-EGFR Therapy. Adapted from Cremolini C et al. JAMA Oncol. 2019;5(3):343-350.°

Liquid biopsy represents an exciting tool to use in the
future to guide physicians in selecting patients who are
candidates for a rechallenge strategy. Currently, this tech-
nique is a subject of clinical trials and not a component of
clinical practice.

Clones of resistance form, carrying either RAS or
EGFR mutations, as a mechanism of resistance to EGFR
inhibition. However, after the anti-EGFR agent is discon-
tinued, these clones lack a growth or survival advantage
compared with other tumor cells, and therefore decay.
The kinetics of this decay was explored in an analysis
of postprogression ctDNA profiles in 135 patients with
RAS/BRAF wild-type mCRC who had been treated with
an EGFR inhibitor and then developed either a RAS or
BRAF mutation during therapy.” This report showed that
clones with RAS or EGFR mutations decay exponentially,
with a cumulative half-life of 4.4 months. These data sug-
gest that a longer cessation of EGFR inhibitor therapy
corresponds to a higher probability that rechallenge with
another EGFR inhibitor will improve outcome. Thus, it is
likely beneficial to wait 2 or more half-lives to increase the
probability of disease control with rechallenge. One possi-
bility is to treat with regorafenib during this wait time, to
allow for a chemotherapy-free and EGFR inhibitor—free
treatment regimen that is still very active. Moreover, the
REVERCE study indicated that a regorafenib-cetuximab
treatment sequence was associated with fewer emer-
gent genomic alterations than a cetuximab-regorafenib
sequence.'® Patients with genomic alterations had shorter
overall survival than those without such alterations
(median 10 months vs 17.7 months; HR, 2.02; P=.027).°

Regorafenib in Combination With Novel
Therapies

As previously described, the REVERCE trial showed that
the sequence of regorafenib prior to cetuximab is superior
in patients with KRAS wild-type mCRC."* One explana-
tion for this effect, suggested by the study authors, is that
regorafenib’s impact on tumor mutational load is lower
than that seen with anti-EGFR treatment. However, the
impact of regorafenib on the antitumor immune response
may offer another explanation, which is also supported
by the REGONIVO study (Regorafenib and Nivolumab
Simultaneous Combination Therapy)."

REGONIVO was a phase 1b dose-escalation trial
that aimed to determine whether adding regorafenib to
nivolumab could overcome nivolumab resistance medi-
ated by tumor-associated macrophages.!! The study
consisted of a dose-finding portion, to determine dose-
limiting toxicities and the maximum tolerated dose, and a
dose-expansion portion, to further establish the safety and
determine the preliminary efficacy of this combination.
A total of 50 patients with previously treated advanced
gastric cancer (n=50) or mCRC (n=50) were enrolled.
Patients were heavily pretreated, with a median of 3 lines
of prior therapy (range, 2-8).

Regorafenib at 80 mg to 160 mg was administered
once daily for 21 days of a 28-day treatment cycle, and
nivolumab at 3 mg/kg was given every 2 weeks. During
the dose-escalation portion of the trial, 3 dose-limiting
toxicities were observed with regorafenib 160 mg: grade 3
maculopapular rash, mucositis, and proteinuria. No dose-
limiting toxicities occurred with the 80 mg or 120 mg
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doses of regorafenib. In the dose-expansion cohort, the
dose was reduced to 80 mg based on grade 3 skin toxici-
ties. Grade 3 or higher treatment-related AEs occurred in
17 patients, and most frequently consisted of rash (14%),
palmar-plantar erythrodysesthesia (10%), and proteinuria
(8%).

The ORR was 38%, and included 7 patients with
microsatellite-stable mCRC, 1 CRC patient with high
microsatellite instability, and 11 patients with microsatel-
lite-stable gastric cancer.'’ Analysis of pre- and post-treat-
ment biopsy specimens suggested that this combination
was associated with a reduction of regulatory T cells.
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Dr Prager has attended advisory board meetings/symposiums
Jor Merck Serono, Roche, Amgen, Sanofi, Lilly Servier,
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Optimizing the Treatment Sequence From Second-
Line to Third-Line Therapy in Patients With
Metastatic Colorectal Cancer: Discussion

Axel Grothey, MD, Gerald W. Prager, MD, Takayuki Yoshino, MD, and

Tanios S. Bekaii-Saab, MD

Axel Grothey, MD What biomarkers would you like
to see when evaluating the combination of regorafenib
plus programmed cell death 1 (PD-1)/PD-LI inhibitors,
to increase your confidence that regorafenib works as an
immunomodulator?

Gerald W. Prager, MD We are currently still learning
about this issue, as the 50 patients (25 with mCRC)
evaluated in the REGONIVO trial is just too few to
reach any conclusions.! However, it will be extremely
important to see a biomarker analysis of tumor biopsies,
particularly of macrophages of the M2 subtype. There is
preclinical evidence that anti-angiogenic agents such as
regorafenib might be able to covert M2 macrophages,
which are immunosuppressive, to M1 macrophages.*?
To my knowledge, this has not yet been studied in the
REGONIVO trial. Liquid biopsy in the REGONIVO

trial showed a reduction in the fraction of regulatory
T cells, which was associated with response to treat-
ment.'

So far, I am not convinced that there is any partic-
ular molecular subtype of mCRC that might achieve a
greater benefit with the regorafenib/nivolumab regimen
used in REGONIVO, except perhaps those patients
with high microsatellite instability.! However, a good
response was also observed in patients with microsatel-
lite-stable disease.

Takayuki Yoshino, MD It is important to note that the
REGONIVO trial included very selected patients with low
tumor burden (including lung metastases) because some
data suggested that the high tumor burden of a liver mass
has a negative impact on the immune checkpoint inhibitor.
However, I still believe that this combination is promising.
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Axel Grothey, MD In the REGONIVO study, one of

the main side effects was immune-related rash.! This was

not the typical hand-foot skin reaction normally associ-
ated with regorafenib, but instead was a generalized rash
sometimes seen with PD-1 checkpoint inhibitors. This
finding suggests that we are seeing at least some activa-
tion of the immune system. Another observation is that
the response rate was similar between CRC and gastric
cancer. This intriguing finding suggests that this combina-
tion might be effective in other tumor types. Studies will
investigate the combination of regorafenib with another
PD-1 antibody, pembrolizumab, in other tumors.*> Dr
Bekaii-Saab, are you using the dosing strategy established
in the ReDOS study (Regorafenib Dose Optimization
Study) as the standard of care in your practice?

Tanios S. Bekaii-Saab, MD There had been some
difficulty in using regorafenib in the clinic because the
160-mg initiation dose was tough on many patients, par-
ticularly heavily pretreated patients. The ReDOS study
evaluated a dose-escalating strategy starting with a lower
dose of regorafenib at 80 mg, with a goal to reach 160 mg
as tolerated in patients with refractory mCRC.® Results
from the study were incorporated into guidelines from
the National Comprehensive Cancer Network.”

ReDOS was a randomized, multicenter, open-label,
phase 2 study conducted in 39 outpatient cancer centers
throughout the United States.® The trial enrolled patients
with an ECOG performance status of 0 or 1 who had
no prior exposure to regorafenib. Patients were randomly
assigned to 1 of 4 treatment arms, which consisted of 2
regorafenib dosing strategies and 2 clobetasol usage plans,

stratified by hospital. The standard regorafenib dosing

schedule was 160 mg/day, given for 21 days of a 28-day
cycle. In the dose-escalation strategy, regorafenib was
started at 80 mg/day, and the dose was escalated weekly
in 40-mg increments up to 160 mg/day in the absence of
significant drug-related AEs (Figure 8).% This regimen was
also given for 21 days of a 28-day cycle. Within each treat-
ment group, patients were randomly assigned to either a
preemptive or a reactive strategy for the management of
hand-foot skin reaction.

The per-protocol population included 54 patients in
the regorafenib dose-escalation group and 62 in the rego-
rafenib standard-dose group. The study met its primary
endpoint: the number of patients finishing cycle 2 at 8
weeks. A total of 43% of patients in the dose-escalation
group initiated cycle 3 vs 26% of patients in the standard-
dose group (1-sided P=.043). This primary endpoint was
important for multiple reasons. It measured the likeli-
hood that patients could tolerate treatment well enough
to go beyond the second cycle. Also, it indicated that the
treatment was active.

The most common grade 3/4 AEs were fatigue (13%
in the dose-escalation group vs 18% in the standard-dose
group), hand-foot skin reaction (15% vs 16%), abdomi-
nal pain (17% vs 6%), and hypertension (7% vs 15%).
The study showed that quality of life was preserved with
the dose-escalation strategy, but deteriorated with the
standard dose.

Overall survival was a secondary endpoint. Median
overall survival was 9.8 months in the dose-escalation
group vs 6.0 months in the standard-dose group (HR,
0.72; 95% CI, 0.47-1.10; log-rank P=.12).° This differ-
ence was not statistically significant, but still interesting.
The 6-month median overall survival was consistent with
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that reported in the CORRECT and CONCUR trials,
which gives us added confidence in the dose escalation
strategy.”'”

The dose-escalation strategy used in ReDOS should
now be the standard of care. It improves efficacy outcomes,
the toxicity profile, and quality of life. Even considering
that it was a phase 2 randomized trial, at a minimum,
the ReDOS trial showed that this dose-escalation strategy
is at least noninferior from an efficacy standpoint, and
certainly superior in terms of safety and quality of life.

Axel Grothey, MD Dr Yoshino, are you incorporating
regorafenib in sequence before cetuximab in your clinical
practice, based on the REVERCE study?

Takayuki Yoshino, MD REVERCE was a randomized
phase 2 study, and results must be confirmed in phase 3
studies.!! Therefore, I have not implemented this strategy
in clinical practice, and I still use regorafenib as salvage
therapy. However, the REVERCE results are promising.

Gerald W. Prager, MD In our academic center, we use
liquid biopsy before we rechallenge patients. This strategy
is not routine throughout Austria, and it is the subject of
many clinical trials. Before rechallenging in the fourth- or
fifth-line, a liquid biopsy analysis can be used to confirm
RAS mutational status. It is a quick and inexpensive test,
with a short turnover time. If a liquid biopsy shows that
the patient is still RAS wild-type, it can provide the confi-
dence to consider rechallenge.

Axel Grothey, MD I agree. What other combination
therapies do you think would be interesting for rego-
rafenib beyond combining it with PD-1 antibodies?

Takayuki Yoshino, MD For me, the most promising

combination is regorafenib plus nivolumab.

Gerald W. Prager, MD DPotential combinations should
reflect the toxicity profile of regorafenib as a limiting
factor. It might be interesting to combine regorafenib
with trifluridine/tipiracil because these treatments have
completely different toxicity profiles. Currently, much
research is focusing on combining regorafenib with
immunotherapies. There is rationale for this strategy.
There has been some success with combinations of other
tyrosine kinase inhibitors with immunotherapies. It
would be extremely intriguing if this concept of making
a “cold” tumor “hot” can be achieved with regorafenib
in mCRC. It has been seen in other tumor types. Rego-
rafenib has activity in other diseases, such as soft tissue
sarcomas and glioblastomas. The combination of rego-
rafenib with immunotherapy might also be an option
for other tumor types.
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