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ABSTRACT

Background To investigate the potential predictors of
response to regorafenib, in chemorefractory metastatic
colorectal cancer (mCRC) patients with long-term efficacy
from regorafenib treatment.

Methods Retrospective, single institution analysis

of patients with chemorefractory mCRC treated with
regorafenib, in clinical practice setting. 123 patients were
treated and stratified into two groups according to number
of cycles received (<7 and >7). Overall survival (0S),
progression-free survival (PFS) and safety were evaluated.
20 tumour samples (10 poor and 10 long responders) were
analysed with the OncoMine Comprehensive Assay for 143
genes.

Results A good Eastern Cooperative Oncology Group
performance status, a lung limited metastatic disease

and a long history of metastatic disease were significantly
associated with better OS and PFS from treatment with
regorafenib. Mutations were mostly found in TP53, KRAS and
PIK3CA as well as in NRAS, ERBB2, SMAD4 and PTEN genes.
BCL2L1, ERBB2, KRAS, MYC, GAS6 gene amplifications

were detected as well as ALK rearrangement. No significant
correlation between molecular alterations and response to
regorafenib was observed. However, HER2 gene alterations
were found in three poor responder patients, suggesting a
potential role in regorafenib resistance. Conversely, GAS6
amplification and SMAD4 mutation, detected in two long
responder patients, might suggest a role of epithelial—
mesenchymal transition phenotype in regorafenib response.
Gonclusion A subgroup of long responder patients to
regorafenib treatment was identified and a
comprehensive molecular characterisation was performed;
however, further research efforts are essential to confirm
our data.

Key questions

What is already known about this subject?
Regorafenib displayed a survival benefit in unselected
patients with metastatic colorectal cancer refractory
to standard treatments according to two randomised
phase lIl clinical trials. However, considering the toxicity
profile and the lack of predictive biomarkers, a better
definition of patients who might derive a benefit from
regorafenib treatment, avoiding unnecessary adverse
events, is needed.

What does this study add?

In this study, we have evaluated potential clinical and
molecular predictors of regorafenib efficacy in a subgroup
of patients with different outcome following regorafenib
treatment. Our analysis supports the idea that a good
Eastern Cooperative Oncology Group performance status,
the presence of a lung-limited metastatic disease and

a long history of metastatic disease (>18 months) are
significantly associated with better clinical outcome in
patients with metastatic colorectal cancer treated with
regorafenib. No significant correlation between molecular
alterations, found by next-generation sequencing
analysis, and response to regorafenib was observed.
However, HER2 gene alterations and GAS6 amplification-
SMAD4 mutation seem to play a role in regorafenib
resistance and response, respectively.

How might this impact on clinical practice?
Our data support the importance of careful selection
of patients and intensive clinical monitoring. Further
research efforts are essential to confirm our molecular
data.
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INTRODUCTION

Colorectal cancer (CRC) is the third most commonly diag-
nosed cancer and a leading cause of cancerrelated death
worldwide." Nearly 25%-30% of patients have evidence of
metastases at the time of disease diagnosis and almost 25%
will subsequently develop metastases. For patients with meta-
static colorectal cancer (mCRC), the standard of treatment
consists of medical therapy with palliative intent. However,
over the last two decades, the median overall survival (OS)
of patients with mCRC has increased from 12 months, with
the only 5-fluorouracil-based chemotherapy, to roughly 30
months due to the improvements in the number and effi-
cacy of systemic therapies.”

Regorafenib is an oral multikinase inhibitor that blocks
several kinases involved in the regulation of angiogenesis
(VEGFR1/3, TIE-2), oncogenesis (KIT, RET, RAF1, BRAF
and mutant V60OE BRAF) and also tumour microenviron-
ment (PDGFR and FGFR).® Two phase III clinical trials,
CORRECT and CONCUR, demonstrated a significant
improvement of OS and progression-free survival (PFS)
in regorafenib plus best supportive care (BSC) arm over
placebo and BSC in patients with mCRC who have previ-
ously been treated with fluoropyrimidine, oxaliplatin,
irinotecan, anti-VEGF therapy and anti-EGFR drugs if
KRAS exon-2 wild-type (WT).*® As a result, regorafenib
was approved in several countries for patients with chemo-
refractory mCRC.

However, the identification of wuseful predictive
factors for the treatment response is currently lacking.
Many parameters have been investigated, both clinical
and biological, such as Eastern Cooperative Oncology
Group (ECOG) performance status (PS) (ie, Ovs 1), lactic
dehydrogenase, neutrophil:lymphocyte ratio, platelet
count, the 1s2010963 SNP of VEGF-A, ANG-2, inter-
leukin-6 (IL-6), IL-8, PIGF, sTie-1, sVEGFR-1, VEGF-A,
VEGF-C, VEGF-D, VEGF-A-121, BMP-7, M-CSF, SDF-1,
TIMP-2 and VWF without conclusive results.”

Herein, we reported data on efficacy and safety of a
consecutive cohort of 123 patients treated with regorafenib,
as per labelling, in our institution. We also performed an
explorative analysis evaluating potential clinical and molec-
ular predictors of regorafenib efficacy, by performing an
extensive next generation sequencing (NGS) analysis, in 20
patients selected from the whole population.

PATIENTS AND METHODS

We performed a retrospective, single institution analysis
in patients with mCRC treated with regorafenib, in a clin-
ical practice setting, after failure of standard therapies
including fluoropyrimidine, oxaliplatin, irinotecan, anti-
VEGF therapy and anti-EGFR agents if KRAS WT. The
study population consisted of a consecutive cohort of 123
patients, older than 18 years with histological confirmed
adenocarcinoma of the colon or rectum, ECOG PS of
0-2. Data were collected from patients who received at
least one regorafenib dose. Baseline demographical and
clinical characteristics are listed in table 1. All patients

Table 1 Patients’ characteristics
Regorafenib
n=123 IQR, %

Age

Median (years) 62.1 54.9-70.0
Gender

Male 76 62%

Female 47 38%
Race

Caucasian 123 100%
Eastern Cooperative Oncology Group performance status

0 103 84%

1 14 11%

2 6 5%
Primary site of disease

Right colon 62 50%

Left colon/ 61 50%

rectum
KRAS exon-2 mutation

Yes 65 53%

No 58 47%
Histology

Adenocarcinoma 123 100%

No of previous systemic anticancer therapies (from
diagnosis of metastatic disease)

1 2 2%
2 36 29%
3 43 35%
4 23 19%
>5 16 13%
No of metastatic sites
1 16 13%
2 59 48%
3 33 27%
4 12 10%
5 2 2%
6 1 1%
Lung only metastatic disease
Yes 9 7%
No 114 93%
Liver only metastatic disease
Yes 5 4%
No 121 96%
Time from diagnosis of metastatic disease
Median months 33.2 (20.2-46.8)
<18months 25 20%
>18months 98 80%
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provided informed consent before receiving the first dose
of regorafenib. Patients also consented to collect their
data and to analyse the tumour samples. Regorafenib was
administered at a dose of 160 mg/day for the first 3 weeks
of each 4-week cycle.

Severity of adverse events (AEs) was graded using National
Cancer Institute Common Terminology Criteria for Adverse
Events, V.4. We performed a weekly clinical visit during the
first month with a physical and biochemistry assessment.
Moreover, to prevent the HFSR, we suggested the daily
prophylactic use of moisturising creams.'’

The observational period of treatment with regorafenib
comprised May 2012 to December 2016. Data cut-off was
31 December 2016. We stratified patients into two groups
according to number of cycles received (<7 cycles and 27
cycles) and evaluated for each group the OS, PFS and
safety. Tumour response was evaluated every 8 weeks and
assessed according to the Response Evaluation Criteria in
Solid Tumours (RECIST 1.1).

MOLECULAR CHARACTERISATION

We have analysed samples by using a targeted high-mul-
tiplex PCR-based NGS panel (OncoMine Comprehensive
Assay) coupled with high-throughput sequencing using
Ion Proton sequencer for routine screening of solid
tumours. The panel screens 143 genes using low amounts
of formalin-fixed, paraffin-embedded (FFPE) DNA
(20ng) and RNA (10ng). The capability of the panel is
to detect 148 single-nucleotide variants, 49 insertions or
deletions, 40 copy number aberrations and a subset of
gene fusions. The OncoMine Comprehensive Assay anal-
ysed 73 hotspot genes (hotspot coverage): ABLI, AKTI,
ALK, AR, ARAE BRAE BTK, CBL, CDK4, HEK2, CSFIR,
CTNNBI, DDR2, DNMT3A, EGFR, ERBB2, ERBB3, ERBB4,
ESRI, EZH2, FGFRI, FGFR2, FGFR3, FLT3, FOXL2, GATA2,
GNA1l, GNAQ, GNAS, HNFIA, HRAS, IDHI, IDH?2,
IFITMI, IFITM3, JAKI, JAK2, JAK3, KDR, KIT, KNSTRN,
KRAS, MAGOH, MAP2KI, MAP2K2, MAPKI, MAX,
MEDI2, MET, MLHI1, MPL, MTOR, MYDSS, NFE2L2,
NPM1, NRAS, PAX5, PDGFRA, PIK3CA, PPP2RIA, PITPNI 1,
RACI, RAFI, RET, RHEB, RHOA, SF3B1, SMO, SPOP, SRC,
STAT3, U2AF1, XPOI; CDS, n=26 (full gene): APC, ATM,
BAPI, BRCA1, BRCA2, CDHI, CDKN2A, FBXW7, GATA3,
MSH2, NF1, NIF2, NOTCH1I, PIK3R1, PICHI, PTEN, RB1,
SMAD4, SMARCBI1, STKI11, TET2, TP53, TSCI, TSC2,
VHL, WT'; copy gain, n=49: ACVRLI, AKTI1, APEX]I, AR,
ATPI11B, BCL2L1, BCLY, BIRC2, BIRC3, CCND1, CCNE],
CD274, CD44, CDK4, CDK6, CSNK2A1, DCUNIDI, EGIR,
ERBB2, FGFRI, FGFR2, FGIR3, FGFR4, FLT3, GASG6,
IGFIR, IL6, KI'T; KRAS, MCL1, MDM2, MDM4, MET, MYC,
MYCL, MYCN, MYOI8A, NKX2-1, NKX2-8, PDCDI1LG2,
PDGI'RA, PIK3CA, PNF, PPARG, RPS6KBI, SOX2, TERT,
TIAF1, ZNF217 and fusion drivers, n=22: ALK, RET, ROS1,
NTRK1, ABLI, AKT3, AXI, BRAE CDK4, EGFR, ERBB2,
ERG, ETVI1, ETV4, ETV5, FGFRI, FGFR2, FGFR3, NTRK3,
PDGFRA, PPARG, RAFI.

Only for 20 patients out of 123 (16.3%), 10 long
responders and 10 poor responders, tumour samples
from primitive CRC were available and selected for the
analysis together with four CRC cancer cell lines (HT29,
HT29 regorafenib resistant, HCT116 and HCT116 rego-
rafenib and cetuximab resistant).

CELL LINES

The human HT29 and HCT116 colon cancer cell lines
were obtained and authenticated from IRCCS ‘Azienda
Ospedaliera Universitaria San Martino-IST Istituto Nazi-
onale per la Ricerca sul Cancro, Genova’ Italy. HT29
regorafenib resistant and HCT116 regorafenib and cetux-
imab resistant were obtained after continuous exposure
(6 and 8 months, respectively) to the drugs. Resistant
clones had an IC,100-fold higher than parental cells.
HT29 cell lines were grown in McCoy (Lonza), whereas
HCT116 cells were grown in RPMI-1640 (Lonza), supple-
mented with 10% foetal bovine serum (FBS; Lonza) and
1% penicillin/streptomycin (Lonza). All cell lines were
grown in a humidified incubator with 5% of carbon
dioxide (CO,) and 95% air at 37°C.

STATISTICAL ANALYSIS

We used the Kaplan-Meier method to estimate median
PFS time, and p values were calculated using log-rank
tests at a significance level of 5%. Differences between
categorical data within subgroups were measured using
parametrical tests, X2 and Fisher’s exact tests, when
adequate. All statistical analyses were performed using
IBM-SPSS statistics V.22.0.

RESULTS

From May 2012 to April 2016, we treated 123 mCRC
patients with regorafenib 160 mg/day orally for the first
3 weeks of each 4-week cycle. Ninety-five patients out
of 123 (77%) received <7 cycles of therapy and were
defined as poor responders, whereas 28 patients out
of 123 (23%) were treated for 27 cycles and defined as
long responders. It is worth noting that 14 patients out
of 28 long responders received more than 12 cycles of
treatment. In the overall population, the median dura-
tion of treatment was 13.9 weeks (0.7-150.3 weeks); the
median PFS was 3.41 months (95% CI 3.2 to 3.6 months)
and median OS was 7.9 months (95% CI 6.8 to 9.0
months) (figures 1 and 2). Among patients treated for
less than 7 cycles, the median duration of treatment was
12.3 weeks (7.6-15.1 weeks); conversely long responders
were treated for a median of 50.5 weeks (35.6-65.9
weeks). For the poor responders subgroup, we reported
a median PFS of 3.0 months (95% CI 2.9 to 3.2 months),
whereas the long responders subgroup achieved a PFS
of 11.6 months (95% CI 9.2 to 14.1 months) (p<0.0001)
(figure 1). Regarding the OS, poor responders achieved
6.3 months (95% CI 5.5 to 7.0 months) of survival and
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Figure 1 Kaplan-Meier of progression-free survival (PFS).

18.7 months (95% CI 14.3 to 23.0 months) (p<0.0001)
were reported for long responders (figure 2).

Analysing the patients’ baseline characteristics, according
with the duration of treatment, we found that the subgroup
of patients who received 27 cycles, the so-called long
responders, were predominantly with ECOG PS 0 (p=0.03),
had lung limited metastases (p=0.02) and had a long
course of metastatic disease (time from diagnosis of meta-
static disease of 218 months) (p=0.01) (table 2). Regarding
treatment response, 42 patients (34%) achieved a stable
disease (SD) as best response, 21 (50%) of them received
less than 7 cycles and 16 patients (38%) were treated for >7
cycles. Five out of 42 patients (12%) who achieved an SD,
presented lung metastases excavation at CT scan evaluation,
four of them being treated for >7 cycles. Only 10 patients
(8%) achieved a partial response (PR), and eight of them
received >7 cycles.

Sixty-five patients (52.8%) out of 123 required a
dose modification due to AFEs, in particular 40 (61%)
reduced the dose during the first six cycles of treatment,
25 of them required one dose level reduction (120mg)
mainly for hyperbilirubinemia, hypertransaminasemia

0,64

0,44

Overall Survival (%)

0,24

0,04

! | T L U U
0 6 12 18 24 30 3% 4 48
Months

Figure 2 Kaplan-Meier of overall survival (OS).

Overall population
IQR months: 6.5 - 2.6
median PFS 3.41 Cl 95% 3.2-3.6

Poor Responders: < 6 cycles
IQR months: 3.6 - 1.9
median PFS: 3.0 CI95% 2.9 -3.2

Long Responders: 2 7 cycles
IQR months: 15.1- 8.7
median PFS: 11.6 Cl 95% 9.2 — 14.1

Log-rank p <0.0001

and fatigue, while 15 patients required two dose levels
reduction (80mg), mainly due to fatigue and hyperb
ilirubinemia (table 3). Twenty-five patients required a dose
adjusting from >7 cycles, 14 of them required one dose
level reduction (120mg) mainly for HFSR, hyperbiliru-
binemia and fatigue while 11 patients received two dose
levels reduction (80mg) mainly for HFSR. Hyperbilirubin-
emia occurred more frequently during the first six cycles,
whereas HFSR was mainly reported in patients receiving
more than six cycles and did not cause treatment discon-
tinuation. Notably, 51 out of 65 patients (78.4%) required
a dose reduction during the first three cycles of treatment
(table 3). The reason of discontinuation from treatment
was radiological progression of disease in 72 patients out
of 123 (58%), clinical PD in 38 patients (31%), while nine
(8%) patients were discontinued for toxicity exclusively
during the first six cycles of treatment. Finally, four patients
(3%) refused to continue treatment.

For 22 of 123 (18%) patients, 11 poor responders and
11 long responders, FFPE tumour tissues were available
and analysed with the OncoMine Comprehensive Assay.
High-quality DNA was extracted from 20 samples (10 poor

Overall population
IQR months: 17.0 - 4.4
median OS 7.9 Cl 95% 6.8 - 9.0

Poor Responders: < 6 cycles
IQR months: 9.8 - 3.8
median 0S: 6.3 Cl 95% 5.5-7.0

Long Responders: 2 7 cycles
IQR months: 30.4-12.8
median OS: 18.7 Cl 95% 14.3-23.0

Log-rank p <0.0001
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Poor responders Long responders

Patients <7 cycles >7 cycles

characteristics n=95 n=28

Gender

Race

Eastern Cooperative Oncology Group performance status

Primary site of disease

KRAS exon-2 mutation

Histology

No of previous systemic anticancer therapies (from the diagnosis of metastatic disease)

No of metastatic sites

Lung-limited metastatic disease

Liver-limited metastatic disease

Time from diagnosis of metastatic disease

<18 months 24 25%

*p < 0.05.
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Table 3 Toxicities and dose modification

No of cycles <7
No of patients 95
No of patients with reduced dose 40
Dose reduced from the first to third cycle 37
Dose reduced after the third cycle 3

Patients requiring one dose level reduction: 120mg 25
Toxicities:

Hypertransaminasemia (28%)
Fatigue (15%)
Rash (14%)

Patients requiring two dose levels reduction: 80mg 15
Toxicities:

Hyperbilirubinemia (43%)

Hyperbilirubinemia (56 %)
Fatigue (44%)

>7
28 N=123

25 65 (52,8%)
14 51

11 14

14 39

HFSR (44%)

Hyperbilirubinemia (28%)
Fatigue (28%)

11 26
HSFR (70%)
Fatigue (30%)

responders and 10 long responders), allowing multiple
gene mutation assessment possible in all these cases. As
shown in table 4, no mutations in all tested genes were
found in 2 of 20 (10%) cases, whereas one or more genes
were mutated or amplified in 18 (90%) samples. The most
frequently mutated gene was TP53 (13/20, 65%), that
was found mutated in seven long responder patients and
six poor responders, respectively. In 6 (2 long responders
and 4 poor responders) out of 20 (30%) samples, KRAS
gene mutations were detected, with one tumour sample

having two different KRAS mutations. PIK3CA mutations
were found in 6 samples out of 20 (30%) samples (3 long
responders and 3 poor responders) (table 4). Less frequent
mutations were found in other 10 genes including NRAS,
ERBB2 (one poor responder patient), SMAD4 (one long
responder) and PTEN (see table 4 and online supplemen-
tary table S1 for more details).

The molecular analyses also revealed amplifications
in the following genes: BCL2L1, ERBB2, KRAS, MYC
and GAS6. One case of ALK rearrangement was found

Table 4 Molecular alterations in patients treated with regorafenib

Molecular alterations

Long responders (10) Poor responders (10)

p-Value

Total (Fisher’s exact test)

ALK rearrangement
BCL2L1 amplification
DNMT3A mutation
EGFR mutation
ERBB2 amplification
ERBB2 mutation
FBXW7 mutation
IDH2 mutation

JAK1 mutation
KRAS mutation
KRAS amplification
MYC amplification
NOTCH1 mutation
NRAS mutation
PIK3CA mutation
PTEN mutation

TP53 mutation

GAS6 amplification
SMAD4 mutation
Wild-type for all analysed genes

424 a4y 2 W2 2 0020000 = =2 20

—

1

0.62

—
N = 4 W = 0 = =4 a4 a4 O = a4 4 aOa N = =
—

- O O O O W O O =+ =4 N O 2+ 4 4N O O o =

— 4 a4 a4 a4 4 a4
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(table 4). No significant correlation between molecular
alteration and response to regorafenib was found.

Regarding the human CRC cell lines, no different
molecular profile was detected between parental and
regorafenib-resistant clones (see online supplementary
table S2).

DISCUSSION

Regorafenib displayed a survival benefit in unselected
patients with mCRC refractory to standard treatments
according to two randomised phase III clinical trials.
However, considering the toxicity profile and the lack
of predictive biomarkers, a better definition of patients
who might derive a benefit from regorafenib treatment,
avoiding unnecessary AEs, is needed.

In this study, we have evaluated potential clinical and
molecular predictors of regorafenib efficacy, by performing
an extensive NGS analysis in a subgroup of patients with
different outcome following regorafenib treatment. We
have treated a consecutive cohort of 123 mCRC patients with
regorafenib, reporting a median OS (7.9 months) and PFS
(3.4 months) in the overall population in line with the
reported data from CORRECT and CONCUR phase III
trials, in which the OS and PFS were 6.4 months and 1.9
months and 8.8 months and 3.2 months, respectively.

We stratified patients into two groups according to the
number of cycles received (<7and 27 cycles); the cut-off of
7 cycles was selected considering the median duration of
treatment (3.3 cycles) and quartile stratification (IQR 6.51-
2.01). Our data showed that the outcome in the so-called
long responders group was significantly better. In partic-
ular, our analysis supports the idea that a good ECOG PS,
the presence of a lung limited metastatic disease and a long
history of metastatic disease (=18 months) are significantly
associated with better clinical outcome in patients with
mCRC treated with regorafenib.

We did not find unexpected AEs as compared with previ-
ously reported data. Hyperbilirubinemia occurred more
frequently during the first six cycles, whereas HFSR was
mainly found in patients receiving more than six cycles and
did not cause treatment discontinuation. Although most
of patients required a regorafenib dose reduction, even
during the first cycle of treatment, the efficacy of the drug
was not impaired. The dose adjustment would have avoided
the withdrawal from the treatment due to AEs. Taken
together, our data support the importance of an intensive
clinical monitoring (weekly clinical visit during the first
month with physical and biochemistry assessment) and the
prophylactic use of moisturising creams in order to prevent
and promptly recognise the AEs and obtain the maximum
benefit from regorafenib.

Furthermore, in order to identify potential molecular
alterations associated with regorafenib activity, we analysed
143 cancer genes by NGS of genomic DNA from 20 patient
tumour specimens and 4 human cancer cell lines. One or
more genes were mutated or amplified in the majority of

samples. As expected, the most frequently mutated genes
were TP53, KRAS and PIK3CA. Less frequent mutations
included NRAS, ERBB2, SMAD4 and PTEN genes together
with BCL2L1, ERBB2, KRAS, MYC, GAS6 gene ampli-
fication. One case of ALK rearrangement was found. No
significant correlation between molecular alterations and
response to regorafenib was observed. However, HER2
gene alterations (one mutation and two amplifications)
were found in three patients that were rapidly progressing
on regorafenib, suggesting a potential HER2 involvement
in regorafenib resistance. Of note, GAS6 (the AXL receptor
ligand) amplification and SMAD4 (an intracellular trans-
ducer of downstream TGF--receptor activation) mutation
were detected in two long responder patients, respectively.''
In particular, the patient with SMAD4 mutation was treated
with regorafenib for 33 cycles, and to date he is still alive.
The activation of AXL and/or TGF-} pathways suggests
the epithelial-mesenchymal transition (EMT) phenotype
of these tumours, confirming the previous observations of
a greater PFS benefit for regorafenib in patients defined
as ‘high-risk’ subgroup, according to Marisa molecular
subtypes (C4 and C6), corresponding with an upregulation
of EMT pathway.12 Regarding the human CRC cell lines, no
different molecular profile was detected between parental
and regorafenib resistant clones (see online supplementary
table S2).

Although this is a retrospective, exploratory and
hypothesis generating analysis, in which we molecu-
larly characterised 20 out of 123 patients treated with
regorafenib at our institution, the data presented are
interesting and deserve farther investigation.
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