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Purpose. The RECOURSE and TERRA studies revealed high percent-
ages of severe neutropenia (grade > 3) when the standard administration
of trifluridine/tipiracil (TAS-102) was employed. We therefore aimed to
explore the efficacy and safety of a modified administration of TAS-102
in patients with refractory metastatic colorectal cancer (mCRC) progres-
sion after regorafenib treatment.

Methods. We observationally analyzed the medical records of the 33 qual-
ified patients with mCRC who started TAS-102 between December 2018
and November 2020. The demographic, clinical, tumor, and treatment va-
riables were recorded. We analyzed the efficacy and safety of a modified
method of administering TAS-102 and compared these data with those of
the RECOURSE and TERRA studies.

Results. Severe neutropenia (grade > 3) was the most common severe ad-
verse event in the RECOURSE, TERRA, and our studies. Our study de-
monstrated a relatively low incidence of grade 3 or 4 neutropenia (9.1%
versus 38.0% [RECOURSE] versus 33.2% [TERRA]) but similar median
progression-free survival (PFS) and overall survival (OS) (median PFS:
2.0 months; median OS: 7.0 months).

Conclusions. In the observational study, we showed that this modified
administration of TAS-102 has lower incidence of severe neutropenia
for mCRC patients with progression after regorafenib treatment.

[/ Soc Colon Rectal Surgeon (Taiwan) 2021,;32:191-199]

he incidence of colorectal cancer (CRC) is in-
creasing in Asian countries and is currently the
fourth most common cause of cancer-related deaths
after cancers of the lung, liver, and stomach.! More-
over, between 20% to 30% of patients present with
synchronous metastatic disease, and more than 50% of

patients ultimately develop metastatic disease, most
are unresectable metastases.” In the treatment of meta-
static disease, substantial progress has been made th-
rough combining chemotherapeutics and biologics,’
which has contributed to improvements in overall sur-
vival (OS) and quality of life.* Many patients with
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metastatic disease refractory to standard chemother-
apy maintain good performance status and would be
candidates for further treatment.

Although the cytotoxic agents associated with new
targeted molecules have improved the prognosis of
patients with advanced disease, no treatments were
available beyond third-line treatments until recently.’
The American Society of Clinical Oncology and the Na-
tional Comprehensive Cancer Network recommended
regorafenib or TAS-102 as late-line treatments for pa-
tients with metastatic CRC (mCRC). TAS-102 is widely
used as the third-line treatment for mCRC in Japan.® It
is an oral cytotoxic agent that was initially approved
in Japan, and its efficacy and safety were confirmed
shortly afterward in Western and Asian patients, re-
spectively, in the placebo-controlled phase III clinical
trials RECOURSE’ and TERRA..' The most commonly
reported adverse events were hematologic, 30%-40%
of which were severe neutropenia.'’

TAS-102 was administered orally 1 hour after
morning and evening meals on days 1-5 and days 8-12
of each 28-day cycle.® The treatment cycle was re-
peated every 4 weeks until progressive disease or un-
acceptable toxicity occurred. Nonetheless, the results
of clinical trials do not always reflect the reality of
clinical practice, despite the randomization proce-
dures and selection criteria used. This study assessed
the efficacy and safety of TAS-102 under a modified
administration regimen in real-life practice in patients
with progressive refractory mCRC after regorafenib
treatment.

Methods
Study design and patient eligibility

This observational study investigated the safety
and efficacy of TAS-102 in patients with mCRC that
progressed after previous use of regorafenib as the 3rd
line regimen. We reviewed medical charts and records
to gather data on the clinical outcomes of treatment.
Clinically, the physician decided the therapeutic plan
including the chemotherapeutic agents and biologics
according to the clinical status (e.g. EGOC), genomic

profiling, and the rules of the Taiwan Health Insur-
ance. TAS-102 was reimbursed by the National He-
alth Insurance. All data were obtained with informed
consent from each patient, and the Institutional Re-
view Board of Kaohsiung Medical University Hospi-
tal [KMUHIRB-2012-03-03(11)] approved our study
protocol.

Patients were considered eligible for this study if
mCRC progression was confirmed according to the
Response Evaluation Criteria in Solid Tumors (RECIST)
guidelines’ and they had received prior treatment after
regorafenib. Other inclusion criteria were an age of >
20 years, life expectancy of > 3 months, and Eastern
Cooperative Oncology Group (ECOG) performance
status of 0-1. The qualified patients were treated using
a modified administration regimen of TAS-102.

Treatment and measures

We included demographic (age, sex), clinical (ECOG
performance status), tumor (primary tumor site, RAS
status, BRAF status, time since diagnosis of first me-
tastasis, and number and sites of metastases) and treat-
ment (number and type of previous treatments) vari-
ables.

TAS-102 was originally administered orally at 35
mg/m? twice daily in the following 28-day cycle: 2
weekly cycles of 5 consecutive days of treatment and
2 days of rest, followed by 14 days of rest® (Fig. 1A).
The modified administration method was also in a
28-day cycle as follows: TAS-102 (each dose of 35
mg/m?) was administered twice daily for 5 consecu-
tive days of treatment followed by 9 days of rest. The
protocol was repeated once (Fig. 1B).

Assessment

We evaluated progression-free survival (PFS), OS,
best objective response rates (ORRs), disease control
rates (DCRs), and toxicity of the modified administra-
tion of TAS-102 in patients with mCRC progression
after regorafenib treatment failed according to RECIST
criteria.'’ The Kaplan-Meier method was used to cal-
culate PFS and OS. The day that TAS-102 was intro-
duced was considered the starting point for the mea-
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Fig. 1. The administration of trifluridine/tipiracil (TAS-102). (A) Original regimen: 2 weekly cycles of 5 consecutive days
of treatment and 2 days of rest, followed by 14 days of rest in a 28-day cycle. (B) Modified regimen: triflu-
ridine/tipiracil (each dose: 35 mg/m”) was administered twice daily, with 5 consecutive days of treatment followed

by 9 days of rest. This protocol was repeated once.

surement of PFS and OS.

Toxicities were monitored and graded according
to the National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events (NCI-CTCAE) Ver-
sion 4.03 (http://ctep.cancer.gov/reporting/ctc.html).
Radiographic assessments were performed at base-
line (within 4 weeks prior to registration). Com-
puted tomography or magnetic resonance imaging
was used to assess target and non-target lesions and
to confirm the presence or absence of new lesions
for diagnostic assessment of efficacy; imaging was
performed every 8 weeks. The best response was de-
fined as the best of all responses during the period
of TAS-102 therapy.

Statistical analysis

Baseline characteristics were summarized using
descriptive statistics. Continuous variables are pre-
sented as medians with 25%-75% interquartile range
(IQR) or means with standard deviation. Categorical
variables are expressed as frequencies and percent-
ages. Statistical Package for the Social Sciences, Ver-
sion 19.0 (SPSS Inc., Chicago, IL, USA) was used to
perform all analyses. The time elapsed between the
initiation of the study therapy and date of disease pro-
gression, death, or last follow-up was defined as PFS.
OS was defined as the time elapsed between the initia-
tion of the study therapy and date of death from any

cause or final follow-up. The Kaplan-Meier method
was used to evaluate the PFS and OS, and the log-rank
test was used to compare time-to-event distribution.
Statistical significance was set at p < 0.05.

Results
Patient characteristics

Between December 2018 and November 2020, we
initially enrolled 37 patients in the study; however,
four were excluded because of disease progression or
poorer ECOG (= 2) status before TAS-102 adminis-
tration. Finally, 33 patients were enrolled for the effi-
cacy and safety analysis. Table 1 shows the demogra-
phic and baseline characteristics of the enrolled pa-
tients. The median age was 60.0 years (IQR, 54.0-
67.5 years). Overall, 25 patients (75.8%) were diag-
nosed with synchronous or metachronous mCRC for
less than 18 months. All enrolled patients had recei-
ved the third-line regimen of regorafenib before this
treatment. In total, 19 patients (57.6%) had more than
two metastatic sites. The liver and lungs were the two
most common metastatic sites in these patients. More-
over, 18 patients (54.5%) exhibited the mutant-type
KRAS gene, 17 patients (51.5%) did not undergo the
NRAS test, and the wild-type BRAF gene was obser-
ved in all enrolled patients (100%).
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Table 1. The 33 enrolled patient demographics and baseline

characteristics

Variables N (%)
Age, years, median (IQR) 60.0 (54.0-67.5)
PFS, months, median (IQR) 2.0 (2.0-3.0)
OS, months, median (IQR) 7.0 (4.0-12.0)
Gender

Male 24 (72.7)

Female 9(27.3)
Age (y/o)

<65 23 (69.7)

> 65 10 (30.3)
ECOG PS

0 309.1)

1 30 (90.9)
KRAS status

Wild type 15 (45.5)

Mutant type 18 (54.5)
NRAS status

Wild type 16 (48.5)

Mutant type 0(0)

No done 17 (51.5)
BRAF status

Wild type 33 (100)

Mutant type 0(0)
Type of mCRC

Synchronous 17 (51.5)

Metachronous 16 (48.5)
Time since diagnosis of first metastasis, months

<18 25 (75.8)

>18 8(24.2)
Primary tumor site

Left-sided colon 25 (75.8)

Right-sided colon 8(24.2)
Number of prior regimen

3rd line 21 (63.6)

4th line 10 (30.3)

Sth line 2(6.1)
Number of metastatic sites

Only 1 site 14 (42.4)

> 2 sites 19 (57.6)
Metastatic sites

liver 19 (57.6)

Lung 17 (51.5)

Peritoneum 11 (33.3)

Ovary 309.1)

Uterus 1(3.0)

Bone 4(12.1)

Brain 1(3.0)

Left adrenal gland 3(9.1)

Para-aortic lymph nodes 309.1)

Retroperitoneal lymph nodes 1(3.0)

Table 1. Continued

Variables N (%)

All prior systemic cancer therapeutic agents
Bevacizumab/Aflibercept/Ramucirumab 33 (100)
Cetuximab/Panitumumab 15 (45.5)
Fluoropyrimidine 33 (100)
Irinotecan 33 (100)
Oxaliplatin 33 (100)
Regorafenib 33 (100)

Best objective response
PR 1(3.0)
SD 6(18.2)
PD 26 (78.8)

PFS: progression-free survival; OS: overall survival; IQR:
interquartile range; PS: performance status; mCRC: metastatic
colorectal cancer; Left-sided colon: descending colon + sigmoid
colon + rectosigmoid colon + rectum; Right-sided colon: cecum
+ ascending colon + transverse colon; PR: partial response; SD:
stable disease; PD: progression-free survival.

Safety

Table 2 presents the adverse events (AEs). They
were divided into hematologic and non-hematologic
events, with eight events of grade 1 (24.2%) and eight
events of grade 2 (24.2%) for anemia; two events of
grade 1 (6.1%) and one event of grade 3 (3.0%) for
thrombocytopenia. Three events (9.1%) of grade 3 or

Table 2. Common toxicities of the enrolled 33 mCRC patients
(NCI-CTACE Version 4.03)

N (%)
Grade 1 2 3 4
Hematologic AEs
Anemia 8(242) 8(242) 0(0) 0(0)
Neutropenia 5(15.2) 4(12.1) 2(6.1) 1 (3.0)
Thrombocytopenia 2 (6.1) 0(0) 1(3.0) 0(0)

Non-hematologic AEs

Fatigue 12(36.4) 17(51.5) 0(0) 0(0)
Nausea 4(12.1) 2(6.1) 0() 0(0)
Vomiting 3(09.1) 1(.00 0(@) 0(0)
Anorexia 9(273) 00) 0@ 0(0
Diarrhea 2(6.1) 1(3.0) 0 0(0

Oral mucositis
Skin rash
Liver function impairment

2(6.1)  0(0) 0(0) 0(0)
2(6.1) 1(3.0) 0(0) 0(0)
4(12.1) 2(48) 0(0) 0(0)
2(6.1)  0(0) 0(0) 0(0)
13.00 0@ 0(0) 0(0)

Renal function impairment
Paresthesia

AEs: adverse events.
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4 neutropenia occurred in three patients. No severe
AEs were observed in the non-hematologic events ca-
tegory, and fatigue was the most common event (grade
1: 36.4% and grade 2: 51.5%). We also observed other
non-hematologic events including nausea (grade 1:
12.1% and grade 2: 6.1%), vomiting (grade 1: 9.1%
and grade 2: 3.0%), anorexia (grade 1: 27.3%), diar-
rhea (grade 1: 6.1% and grade 2: 3.0%), oral mucositis
(grade 1: 6.1%), skin rash (grade 1: 6.1% and grade 2:
3.0%), liver function impairment (grade 1: 12.1% and
grade 2: 4.8%), renal function impairment (grade 1:
6.1%) and paresthesia (grade 1: 3.0%).

Efficacy

Regarding the best response, one patient was par-
tial response (3.0%) and six patients (18.2%) had sta-
ble disease, 26 (78.8%) had progressive disease, and
seven (21.2%) achieved disease control (Table 3).
Median PFS was 2.0 months (IQR, 2.0-3.0 months;
Table 1), and median OS was 7.0 months (IQR, 4.0-
12.0 months; Table 1). Fig. 2A and 2B show the
Kaplan-Meier analyses of PFS and OS, respectively.

Comparison of safety and efficacy between
RECOURSE and TERRA trials and current
study

Table 3 summarizes the safety and efficacy of the
RECOURSE and TERRA trials and the current study.
Although severe neutropenia was the most common
severe AE in the RECOURSE and TERRA studies
(38.0% and 33.2%, respectively), an incidence of only
9.1% for severe neutropenia was observed in the cur-
rent study. The median OS of the RECOURSE, TERRA,
and current studies were 7.1 months, 7.8 months, and
7.0 months, respectively. The median PFS was 2.0
months in all studies. The current study had the high-
est percentage of patients (75.8%) with time since di-
agnosis of first metastasis less than 18 months (RE-
COURSE: 21.0% and TERRA: 49.0%). The percent-
ages of prior regimens below third-line treatments
were 18.0%, 23.0%, and 0% for RECOURSE, TERRA,
and current studies, respectively. All our enrolled pa-
tients received oral regorafenib as a prior anticancer
agent; however, only 17.0% of patients underwent
this treatment in the RECOURSE study. ORR was 3%

Table 3. Comparison of safety profile and efficacy between RECOURSE, TERRA, and current study

RECOURSE TERRA Current study

Safety Any grade Grade > 3 Any grade Grade >3 Any grade Grade >3
Neutropenia 67.0% 38.0% 67.2% 33.2% 36.4% 9.1%
Anemia 77.0% 18.0% 77.1% 17.7% 48.5% 0%
Thrombocytopenia 42.0% 5.0% 35.4% 3.0% 9.1% 3.0%
Efficacy RECOURSE TERRA Current study
Median OS 7.1 months 7.8 months 7.0 months
Median PFS 2.0 months 2.0 months 2.0 months
Time since diagnosis of first metastasis, %

< 18 months 21.0% 49.0% 75.8%
Number of prior regimens

< 3rd line 18.0% 23.0% 0%

> 3rd line 82.0% 77.0% 100%
Prior systemic anticancer agents, %

Anti-VEGF 100% 19.0% 100%

Anti-EGFR 52.0% 17.0% 45.5%

Regorafenib 17.0% Unknown 100%
Best response, %

ORR 1.6% 1.1% 3.0%

DC 44.0% 44.1% 21.2%

OS: overall survival; PFS: progression-free survival; VEGF: vascular endothelial growth factor; EGFR: epithelial growth factor
receptor; ORR: objective response rates; DCR: disease-control rates.
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Fig. 2. Cumulative survival rates of the 33 enrolled patients with mCRC obtained using the Kaplan-Meier method. (A) Me-
dian progression-free survival was 2.0 months. (B) Median overall survival was 7.0 months.

in our study and 1.6% and 1.1% were found in the RE-
COURSE and TERRA studies, respectively. DCR was
approximately 44.0% in the other two studies but only
21.2% in the current study.

Discussion

This observational study revealed real-world ex-
perience with a modified method of TAS-102 admin-
istration for patients with progressive refractory mCRC
upon failure of previous regorafenib treatment. As we
know, the most important and severe adverse event of
TAS-102 is severe neutropenia clinically. So it is very
important that how to reduce the severe AE clinically.
We think whether this reason of severe neutropenia is
caused by re-administration after the clearance time of
TAS-102 is too short. Under this view, we maintain
the same period of one cycle (28 days) and the same
total dosage of TAS-102 but prolonged the interval of
re-administration for 2 days to 9 days. We collected
data on the feasibility, use, and toxicity of the drug.
The result of our study demonstrated that the modified
administration method clinically outperformed the
original method of TAS-102 administration in terms
of its effects on severe neutropenia. Moreover, our
median PFS and median OS seemed not inferior to

those of the RECOURSE and TERRA studies.

Taking into consideration the results of the previ-
ous studies and absence of patients with ECOG scores
of > 1 in the pivotal study, we believe that ECOG per-
formance status should be considered a variable that
limits the appropriateness of TAS-102 administration.
In 2018, Kwakman et al. demonstrated that TAS-102
showed poorer survival results for patients with an
ECOG score of 2 than those with an ECOG score of
0-1."" Consistent with the performance status of pa-
tients with mCRC in the RECOURSE and TERRA
trials, the performance status of the enrolled patients
in the current study was also ECOG 0-1.

Although TAS-102 and regorafenib have not been
compared directly in a clinical trial but only in obser-
vational series, their efficacy and effectiveness seem
comparable in third-line therapy for patients with
mCRC.*'213 A Japanese phase II trial and two phase
III trials (RECOURSE and TERRA) have demonst-
rated that TAS-102 prolonged OS.'* All enrolled pa-
tients in our study had undergone both TAS-102 and
regorafenib treatments, whereas only 17% of patients
underwent both treatments in RECOURSE. In 2018,
Cremolini et al. compared patients who had received
both TAS-102 and regorafenib, TAS-102 after regora-
fenib, and regorafenib after TAS-102 and reported
that all outcomes were independent of the sequence."
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Therefore, it likely had no impact on our overall esti-
mates of effectiveness.

The efficacy of treatment is known to decrease
with subsequent lines of therapy, and the proportion
of patients receiving therapy decreases in subsequent
lines.'® In a purely palliative setting, strategic plan-
ning of treatment sequences following the continuum
of care concept evaluates the toxicity of chemother-
apy and tumor biology to individualize therapeutic
approaches. The two main goals of patients with mCRC
undergoing more than third-line regimens are to delay
tumor progression and maintain quality of life.!®!”
PFES is a commonly used endpoint for third-line trials
in mCRC'® and the ORR was around 1-13% with PFS
was 2 months.'® Although TAS-102 was at least a
fourth-line cytotoxic drug for our patients, the median
PFS and median OS were quite similar to those of pa-
tients in the RECOURSE and TERRA studies. How-
ever, a greater proportion of our patients were < 18
months from having received a diagnosis of first me-
tastasis compared with the proportions in the RE-
COURSE and TERRA studies (75.8%, 21.0%, and
49.0%, respectively), and all patients had previously
undergone at least a third-line regimen before TAS-
102 administration. This may have led to a worse DCR
(current: 21.2% vs. RECOURSE: 44.0% vs. TERRA:
44.1%) but not inferior ORR in our study than those in
the RECOURSE and TERRA studies (3.0%; 1.6%;
and 1.1%, respectively).

Most of the toxicity associated with TAS-102 was
hematologic abnormalities,' with grade 3 or 4 neutro-
penia occurring in 9.1% of patients in our study and
38.0% and 33.2% in the RECOURSE and TERRA
trials, respectively. The modified administration of
TAS-102 seemed to reduce this severe hematologic
AE. Although the reason for this is not yet known, the
extension of the interval between each administration
in a cycle from 2 days to 9 days may have possibly re-
duced the accumulation of toxicity.

This current study has some limitations, including
(1) Its observational design and a small sample size.
(2) This study was a retrospective analysis based on
data from electronic medical records, we were unable
to accurately assess the patients’ adherence to the
TAS-102 regimen. This may have resulted in the low

incidence of neutropenia and poor efficacy observed
in our study. (3) All patients had used regorafenib, it
cannot accurately compare with RECOURSE and
TERRA studies. Prospective studies are needed to
confirm our results and examine the potential effects
of adherence. Nevertheless, this real-world study pro-
vides insights into the effects of TAS-102 using a mo-
dified administration method in patients with disease
progression of refractory mCRC after regorafenib
treatment.

Conclusions

Based on the same cycle duration and same dos-
age in one cycle. We designed the modified regimen.
This current study might be demonstrated a safety
benefit associated with the modified method of TAS-
102 administration in patients with mCRC who re-
ceived TAS-102 as a late-line therapy. So far, there is
no study or experience using such regimen. To our
knowledge, this observational, retrospective study is
the first to analyze the tolerability of TAS-102 using
the modified regimen. These findings might be impor-
tant for adjustment of AEs and guidance for patients
with mCRC receiving TAS-102. In the future, it is ne-
eded a prospective study to validate.
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