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ABSTRACT

Background and purpose: The CardioSwitch-study demonstrated that patients with solid tumors who
develop cardiotoxicity on capecitabine or 5-fluorouracil (5-FU) treatment can be safely switched to S-1, an
alternative fluoropyrimidine (FP). In light of the European Medicines Agency approval of S-1 in metastatic
colorectal cancer (mCRQ), this analysis provides more detailed safety and efficacy information, and data
regarding metastasectomy and/or local ablative therapy (LAT), on the mCRC patients from the original study.
Materials and methods: This retrospective cohort study was conducted at 12 European centers. The pri-
mary endpoint was recurrence of cardiotoxicity after switch. For this analysis, safety data are reported
for 78 mCRC patients from the CardioSwitch cohort (N = 200). Detailed efficacy and outcomes data were
available for 66 mCRC patients.

Results: Data for the safety of S-1 in mCRC patients were similar to the original CardioSwitch cohort and
that expected for FP-based treatment, with no new concerns. Recurrent cardiotoxicity (all grade 1) with
S-1-based treatment occurred in 4/78 (5%) mCRC patients; all were able to complete FP treatment. Median
progression-free survival from initiation of S-1-based treatment was 9.0 months and median overall sur-
vival 26.7 months. Metastasectomy and/or LAT was performed in 33/66 (50%) patients, and S-1 was suc-
cessfully used in recommended neoadjuvant/conversion or adjuvant-like combination regimens and
schedules as for standard FPs.

Interpretation: S-1 is a safe and effective FP alternative when mCRC patients are forced to discontinue
5-FU or capecitabine due to cardiotoxicity and can be safely used in the standard recommended regimens,
settings, and schedules.
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Introduction
manage and is observed in approximately 4%—-6% of CRC

Fluoropyrimidine (FP) chemotherapy regimens based on intra-  patients [2-8].

venous (i.v.) 5-fluorouracil (5-FU) or oral capecitabine (CAP) are
the backbone of recommended therapy for metastatic colorec-
tal cancer (mCRC) [1]. However, cardiotoxicity is a serious, poten-
tially fatal, side effect of 5-FU or CAP treatment that is difficult to

The indications for FP treatment in the metastatic setting
may be of palliative or curative intent. In the palliative setting,
the aim is prolonged survival with good quality of life, often
achieved by de-intensification of treatment. When curative-
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intent is the goal, FP is used as neoadjuvant or conversion
treatment before metastasectomy or local ablative therapy
(LAT), and/or in the adjuvant-like setting after metastasectomy.
In all of these settings, FPs are the cornerstone for combination
chemotherapy (combined with a biologic for conversion
therapy) [1].

S-1, a combination of tegafur with two metabolic inhibitors
designed to slow the metabolism and improve the side-effect
profile, is an alternative FP associated with lower rates of
cardiotoxicity [9-12]. The CardioSwitch-study demonstrated
that patients with solid tumors who develop cardiotoxicity on
CAP or 5-FU can be safely switched to S-1 and continue with
guideline-recommended FP treatment [13]. Based on the
positive risk/benefit analysis demonstrated by the
CardioSwitch-study and other studies [12-16], S-1 was
approved by the European Medicines Agency (EMA) for use ‘as
monotherapy or in combination with oxaliplatin or irinotecan,
with or without bevacizumab, in patients with mCRC for whom
itis not possible to continue treatment with another FP due to
hand-foot syndrome (HFS) or cardiovascular toxicity that
developed in the adjuvant or metastatic setting’[17, 18]. As a
result, S-1 has now been added to the most recent European
mCRC treatment guideline as an alternative to i.v. 5-FU- or
CAP-based chemotherapy in the case of cardiotoxicity and/or
HFS [1].

As part of the approval process, summarized safety and
efficacy data for the mCRC cohort were shared with EMA to
allow assessment of benefit versus risk in this indication. Some
of the data for this‘SmPC cohort’ (described in more detail in the
methods section) were included in the Summary of Product
Characteristics (SmPC) for S-1 (Teysuno) [17, 18]. However,
detailed safety and efficacy data for all of the mCRC patients in
the study were not part of the original publication and are
relevant for clinicians to allow them to make informed treatment
decisions with regard to switching their mCRC patients to S-1-
based [13]. In addition, data on outcomes for mCRC patients
who were switched to S-1 before or after resection or ablation of
metastases are now available and can assist in clinical decision
making.

The objectives of this analysis were to evaluate the safety and
efficacy data from the mCRC subgroup of the CardioSwitch-
study in detail and to provide further information with regard to
outcomes associated with metastasectomy and/or LAT in the
context of S-1 regimens.

Materials and methods
Study design and patients

The CardioSwitch-study [13] was a multicenter, retrospective
cohort study conducted at 13 centers in Europe. The study was
approved by the local ethics committee at each institution, if
required, and conducted according to Good Clinical Practice
Guidelines and the Declaration of Helsinki, as applicable for reg-
istry studies. Detailed information regarding the participating
centers and investigators, as well as the study protocol have
been previously published [13].

The primary endpoint for the study was recurrence of
cardiotoxicity after switch to S-1-based treatment from any other
FP due to cardiotoxicity. Secondary endpoints included cardiac
symptoms and diagnostic work-up, timeline of cardiotoxicity,
dose intensity, safety, and outcomes of treatment, including
metastasectomy and/or LAT.

Patients included in the original solid tumor cohort (N = 200)
have been described [13]. Included mCRC (n = 78) patients were
from 12 centers in 6 countries (Finland, Sweden, Denmark,
Norway, Ireland, and the Netherlands). All patients had
experienced a cardiotoxic adverse event (AE) on FP-based
treatment (oral CAP or 5-FU as bolus or de Gramont infused
regimen) and had metastatic disease at the time they were
switched to S-1-based treatment.

Data are presented here for three cohorts of mCRC patients,
all of whom were included in the CardioSwitch-study [13] as
follows:

- A graphical depiction of these cohorts is shown in
Supplementary Figure 1

«  The'Safety cohort’includes all 78 patients who received
treatment with S-1 for metastatic disease. This includes
patients who had mCRC at baseline and were switched to
S-1 after development of cardiotoxicity on initial FP
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Figure 1. Progression-free (PFS, panel A) and overall survival (OS, panel B)
for patients receiving S-1-based treatment for metastatic disease as first-

line (neoadjuvant/conversion and/or adjuvant-like after metastasectomy;
n =56) in Efficacy cohort.



treatment (n = 65) and patients who developed mCRC after
initial cardiotoxicity in the adjuvant setting and were then
treated with S-1 (n=13).

«  The'Efficacy cohort’includes 66 mCRC patients for whom
efficacy data were available. Efficacy data were not
available for 12 Dutch patients who had mCRC at baseline
(mCRC data cannot be retrieved as they were anonymized
at data collection). The Efficacy cohort includes all patients
who had mCRC at baseline for whom efficacy data were
available (n = 53) as well as the 13 patients who had
cardiotoxicity during adjuvant treatment (e.g., initial
FP-induced cardiotoxicity, but then received S-1 for
metastatic disease). Treatment data are updated here for
this Efficacy cohort.

«  The ‘SmPC cohort’ includes the 53 patients with mCRC at
baseline for whom efficacy information were available and
who were included in data provided for the Teysuno SmPC
[18].

Treatment of mCRC patients

The FP-based regimens that caused initial cardiotoxicity were
CAP monotherapy; CAP plus oxaliplatin (CAPOX); CAP plus irino-
tecan (CAPIRI); leucovorin plus Nordic bolus 5-FU (FLv); leucov-
orin plus iv. bolus then infusional 5-FU (i.e, de Gramont/
LV5FU2); leucovorin, de Gramont 5-FU, plus oxaliplatin (FOLFOX);
leucovorin, de Gramont 5-FU, plus irinotecan (FOLFIRI); leucov-
orin, bolus 5-FU, plus oxaliplatin (FLOX); or leucovorin, bolus
5-FU plus irinotecan (FLIRI) [13, 19-22]. S-1-based regimens
used were S-1 monotherapy; S-1 plus oxaliplatin (SOX), or S-1
plus irinotecan (IRIS) [13]. Biologic drugs added were bevaci-
zumab, aflibercept, panitumumab, or cetuximab. Detailed infor-
mation on dosing for S-1-based chemotherapy with or without
biologic drugsis available in Supplementary Table 1 in Osterlund
etal. [13].

Cardiotoxicity definition

As part of the original study cohort, cardiac AEs in patients with
mCRC were defined and graded using the Cardiac Disorders in
National Institutes of Health Common Terminology Criteria for
Adverse Events 4.0 criteria and causality to FPs was assessed
according to World Health Organization Uppsala Monitoring
Center guidelines [13]. Based on clinical records, two experi-
enced oncologists graded cardiac disorders and determined
causality, with consensus reached for all patients.

Treatment definitions

Curative-intent treatments are presented as Neoadjuvant/
Conversion or Adjuvant/Adjuvant-like. Conversion therapy,
often combination chemotherapy with biologics, is given with
the aim of converting unresectable metastases to resectable [1].
Neoadjuvant therapy refers to chemotherapy administered
before planned surgical intervention to improve outcome by
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destroying micrometastases. Adjuvant therapy is administered
after curative-intent surgery of the primary tumor and adju-
vant-like therapy after curative metastasectomy and/or LAT.
Curative treatment means eradication of all tumors with

Table 1. Baseline characteristics of mCRC patients included in the Safety
cohort.

Total MCRC, N=78
n (%)

68 (19-85)

Age, years, Median (range)
Sex Male 47 (60)
ECOG 0-1 59 (76)

2 8(10)
11 (14)
39 (50)

Not available
Cardiovascular Yes
comorbidity

No 39 (50)

Primary tumor Right colon 19(29)

location
Left colon 24 (36)
14 (21)

9(14)

Rectum
Colon unspecified/
multiple

Primary tumor Yes

resected

49 (63)

No 26 (33)
3(4)
Pelvic radiotherapy Yes 4(5)
No 70 (90)
4(5)
Switch to S-1
N=78
n (%)

Not available

Not available
Initial FP
causing
cardiotoxicity,
N=78n (%)
Treatment intent Adjuvant/ 21(27) 12 (15)
Adjuvant-like
Neo-adjuvant/
Conversion

1stline 3

19 (24) 17 (22)
40) 38 (49)

2nd line
Fluoropyrimidine Capecitabine 6

Bolus/infused/de 1
Gramont 5-FU

Nordic bolus 5-FU
S-1 -
Single
fluoropyrimidine
Oxaliplatin*
Irinotecan*
Other cytotoxic** -
Bevacizumab

1
4
3rd or later line 3
0
3

78 (100)

Combined drugs 29 (37)

(0]
=
@

—

w
~N
—

Cetuximab

N = O N W b

w
=

Concurrent
radiotherapy

5-FU: 5-fluorouracil; ECOG: Eastern Cooperative Oncology Group; FP:
fluoropyrimidine; mCRC: metastatic colorectal cancer.

*Two patients received both oxaliplatin and irinotecan, one patient received
alternating 5-FU, leucovorin, plus oxaliplatin (FOLFOX) and 5-FU, leucovorin,
plus irinotecan (FOLFIRI) within the Nordic-8 study and one patient received
5-FU, leucovorin, oxaliplatin, and irinotecan (FOLFOXIRI).

**carboplatin and temozolomide.
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RO-resection or AO-ablation [1]. Palliative chemotherapy was
defined as first-, second-, and third or later-line treatment.

Statistical analyses

Median and range are reported for continuous variables. The
Kaplan-Meier estimate was used for survival analyses, and Cox
regression for comparison of survival between metastasec-
tomy/LAT or systemic therapy only patients. Proportional haz-
ard assumption was assessed by plotting Schoenfeld residuals
and by inspection of the Kaplan-Meier plots. Overall survival
(OS) and progression-free survival (PFS) were determined from
the initiation of S-1-based treatment for metastatic disease and
OS was also determined from diagnosis of mCRC. The endpoint
was death from any cause or censored at last date of follow-up.
Data cut-off was 13th July, 2023 for the updated population of
66 mCRC patients.

Results
Patients

Baseline characteristics for the Safety cohort (N = 78) are shown
in Table 1, and baseline characteristics for the Efficacy cohort
(n=66) and the SmPC cohort (n = 53) in Supplementary Table 1.
The median age (range) of patients included in the Safety cohort
was 68 (19-85) years, 60% were male, and 50% had one or more
cardiovascular comorbidity at baseline (details for comorbidi-
ties in Supplementary Table 2).

Initial cardiotoxicity on capecitabine- or 5-FU-based
treatment

Initial FP treatment regimens were CAP-based (CAP, CAPOX, or
CAPIRI) in 77% of patients, 17% received 5-FU as the de Gramont
regimen (LV5FU2, mFOLFOX, or FOLFIRI), and 6% as Nordic
bolus (FLv, FLOX, or FLIRI; Table 1). FP monotherapy was admin-
istered to 35% patients. Combination regimens included oxalip-
latin in 62%, irinotecan in 6%, bevacizumab in 37%, cetuximab
in 3%, and radiotherapy in 1%. The treatment intention was neo-
adjuvant/conversion in 24%, adjuvant/adjuvant-like in 27%, and
palliative in 49%.

Details of the cardiotoxicity with CAP- or 5-FU-based
treatment in the Safety cohort are shown in Table 2. Most
cardiotoxicity occurred in the first (71%) or second cycle of
treatment (13%) with a median time (range) from FP treatment
onset of 5 (0-466) days. The most common cardiac symptoms
were chest pain (62%) and acute coronary syndrome (37%). Less
frequent atrial fibrillation (5%), tachycardia (5%), heart failure
(3%), bradycardia (1%), and prolonged QT interval (1%) were
reported. Grade 3 or 4 cardiotoxicity was experienced by 55%.
Initial FP treatment was permanently discontinued in 95% of the
patients and 92% of the cardiotoxicity reactions were considered
to be either probably related (62%) or related (30%) to the FP
treatment. Details of cardiotoxicity for the SmPC cohort and the
Efficacy cohort are presented in Supplementary Table 3.

Non-cardiac AEs related to initial FP treatment, which lasted
two cycles or less in 84% of patients, are shown in Table 2. The
most common non-cardiac AEs related to initial 5-FU- or CAP-
based treatment included neuropathy (6%), HFS (4%), and
diarrhea (3%).Non-hematologic grade 2-4 AEs were experienced
by 14% of patients.

Switch to S-1-based therapy - treatment regimens

A total of 37% of patients in the Safety cohort received S-1 mon-
otherapy upon switch after discontinuation of initial FP due to
cardiotoxicity (Table 1). S-1 at the time of switch was combined
with oxaliplatin (44%), irinotecan (17%), or bevacizumab (37%).
During any line of treatment with S-1, oxaliplatin was combined
in 60%, irinotecan in 49%, bevacizumab in 45%, aflibercept in
1%, panitumumab in 4%, and cetuximab in 3%. The median
number of cycles in any line for the most common combinations
are presented in Table 3. Of note, patients were able to stay on
IRIS for median of seven cycles (range 1-41).

In the Efficacy cohort (updated data not available for 12
anonymized patients) vascular endothelial growth factor (VEGF)
inhibitors were combined with chemotherapy in 53%
(bevacizumab median 7 [range 1-30] cycles, aflibercept in one
patient for 13 cycles). EGFR inhibitors were added in 8% (median
2 [range 1-9] cycles, of whom 3 received panitumumab and 2
cetuximab).

Switch to S-1-based therapy - efficacy

In the Efficacy cohort (n = 66), median PFS (mPFS) from initiation
of S-1-based treatment for metastatic disease was 9.0 months
and median OS (mOS) was 26.7 months.

The subgroup of patients treated in first-line, with a palliative
intent in 27 and a curative intent in 29 (with neoadjuvant/
conversion [n = 18], or adjuvant-like after metastasectomy
[n = 11]) had a mPFS of 11.0 months and mOS of 26.6 months
(Figure 1, Supplementary Table 1). Corresponding 5-year PFS
rate was 11% and OS rate was 23%.

Patients on palliative S-1 treatment as later-line treatment
(second-line n = 6, third- or later-line n = 4) had mPFS of 2.8
months and mOS of 12.7 months.

Switch to S-1-based therapy - recurrent cardiotoxicity and
safety

Among the 78 mCRC patients in the Safety cohort, 5% (n = 4)
experienced recurrent cardiotoxicity on S-1-based treatment;
similar to the rate in the entire CardioSwitch cohort (4%) (Table
2) [13]. These four patients (three female) were of 57-70 years,
ECOG 0-1, and two of them had no cardiovascular comorbidi-
ties. Time-to-recurrence of cardiotoxicity on S-1-based therapy
was 7, 22, 95, and 195 days. Three of these patients had experi-
enced grade 3 acute coronary syndrome as their initial cardiot-
oxicity on the original FP. The recurrent cardiotoxicities on
S-1-based therapy were grade 1 chest pain in three and grade 1
tachycardia in one (Table 2). All patients were able to continue
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Table 2. Cardiotoxicity and other adverse events during initial fluoropyrimidine treatment and S-1-based treatment, Safety cohort.

Initial FP causing cardiotoxicity, Switch to S-1-based,

N=78n (%) N=78n (%)
Recurrent cardiotoxicity No Not applicable 74 (95)
Yes Not applicable 4 (5)
Number of cycles to cardiotoxicity 1 55(71) 1(1)
2 10(13) 1(1)
3 5 (6) -
4to 14 8(10) 2(3)
Multiple cardiotoxic symptoms No 67 (86) 4(5)
Yes 11 (14) -
Cardiotoxicity symptoms* Chest pain 48 (62) 3(4)
Acute coronary syndrome 29 (37) -
Atrial fibrillation 4 (5) -
Heart failure 2(3) -
Arrythmia 5(6) 1(1)
Prolonged QT interval 1(1) -
Worst cardiotoxicity grade 1 8(10) 4(5)
2 27 (35) -
3 36 (46) -
4 7(9) =
Action with fluoropyrimidine None - 1(1)
Dose delayed - 1(1)
Dose reduced - 1(1)
Temporarily discontinued 4 (5) 1(1)
Permanently discontinued 74 (95)
Recovery from cardiac event With sequelae 1(4) -
Without sequelae 27 (96) 4 (5)
Causality Possibly related 7(09) -
Probably related 48 (62) 2(3)
Related 23 (30) -
Not related - 2(3)
Non-cardiac adverse events** Neutropenia 1(1) 10 (13)
Anemia - 1(1)
Stomatitis 1(1) 2(3)
Diarrhea 2(3) 8(10)
Nausea 1(1) 3(4)
Infection 1(1) 6(8)
Neuropathy 5(6) 10 (13)
Hand-foot syndrome 3(4) 1(1)
Thromboembolism - 4 (5)
Fatigue - 1(1)
Pneumonitis - 1(1)
Rash - 1(1)
Any non-hematologic event 11(14) 23 (29)

FP: fluoropyrimidine.
*Eleven patients experienced more than one cardiac symptom.
**Hematologic toxicities grade 3-4, others grade 2-4.

treatment until progression or completion of adjuvant-like
treatment with S-1-based therapy.

All four patients who experienced recurrence on S-1-based
therapy had received combination therapy including oxaliplatin
as initial FP-based treatment, and continued with S-1 as
monotherapy (n = 2) or as SOX + bevacizumab (n = 2; details in
Supplementary Table 7 in Osterlund et al., 2022) [13].

The most common non-cardiac AEs in the Safety cohort
while on S-1-based therapy were neuropathy (13%), neutropenia
(13%), diarrhea (10%), infection (8%), and thromboembolism

(5%), and 29% experienced non-hematologic grade 2-4 AEs
(Table 2). The AEs for the SmPC cohort are presented in
Supplementary Table 4.

Table 3 shows clinically significant AEs according to S-1
regimen for patients in the Safety cohort. The most common AE
for S-1 monotherapy (+ bevacizumab) was infection (7%), while
neuropathy was observed in 17% of patients who received S-1in
combination with oxaliplatin (SOX) (+ bevacizumab), and
neutropenia was observed in 13% of patients who received S-1
in combination with irinotecan (IRIS) (+ bevacizumab). Diarrhea
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Table 3. Clinically significant* adverse events on S-1-based treatment
according to treatment regimen, more than one line present per patient
(Safety cohort, N =78)

S-1 SOX'n=47 IRIS*n=38
monotherapy** (%) (%)
n=42(%)
Number of cycles, median 4(1-31) 6 (1-25) 7 (1-41)
(range)
Anemia - = 1(3)
Neutropenia 1(2) 2(5) 5(13)
Thrombocytopenia - 1(2) =
Stomatitis 1(2) - 1(3)
Diarrhea 1(2) 1(2) 4(11)
Nausea - - 2(5)
Infection 3(7) 1(2) 2(5)
Neuropathy - 7(17) -

Hand-foot syndrome
Thromboembolism -
Rash - -
Lung toxicity = =
Fatigue = =

1(2) - -

1(3)
1(3)
1(3)
1(3)

SOX: S-1 plus oxaliplatin; IRIS: S-1 plus irinotecan.

*Clinically significant defined as Grade 2-4, except for hematological for
which grade 3-4 are shown.

**+ bevacizumab.
S-1 plus oxaliplatin + bevacizumab.
*S-1 plus irinotecan + bevacizumab.

was reported in 2% of patients on S-1 monotherapy, 2% of
those who received SOX, and 11% of those who received IRIS.

Impact of S-1 therapy on metastasectomy and local abla-
tive therapy outcomes

Detailed data on metastasectomy and/or LAT (n = 33) were availa-
ble for the Efficacy cohort of 66 patients. Metastasectomy was per-
formed in 31 patients (47%) and ablation in 5 patients (8%, of
whom 3 underwent both metastasectomy and LAT) (Table 4). In
total, 33 patients (50%) had a mean of 1.6 procedures per patient
(Table 5). Of these 33 with metastasectomy/LAT, 13 patients had
received S-1 based before metastasectomy, 8 both before and after
switch, i.e., repeated metastasectomies performed, 9 after switch.

In the neoadjuvant/conversion setting, 95% (20/21) received
S-1in combination with oxaliplatin or irinotecan, with or without
biologics (bevacizumab, 57% [12/21] or panitumumab/
cetuximab, 10% [2/21]), and 17 had successful metastasectomy/
LAT. If metastasectomy and/or LAT was performed before switch
to S-1 (n = 13) or before and after switch (n = 8), S-1 was
administered as adjuvant-like treatment in 8 (S-1, SOX, IRIS), as
neoadjuvant/conversion before re-metastasectomy/LAT in 5, or
after recurrence as palliative chemotherapy in 8 (all as SOX or
IRIS, plus bevacizumab in 3).

Liver procedures (liver resection and/or LAT) were performed
in 20 (30%) patients (Table 5), and 85% of these procedures were

Table 4. Baseline and treatment information for patients who received systemic therapy only or metastasectomy and/or local ablative therapy (LAT) in any

line of treatment for the Efficacy cohort (n = 66).

Systemic therapy only Metastasectomy + LAT ~ Metastasectomy + LAT

Metastasectomy + LAT

n (%) before switch before and after switch after switch
n (%) n (%) n (%)
33(50) 12(18) 12(18) 9(14)
Sex Female 14 (42) 6 (50) 2(17) 4 (44)
Male 19 (58) 6 (50) 10 (83) 5 (56)
ECOG performance status 0 3(12) 3(30) 6 (60) 3(38)
1 18 (72) 6 (60) 4 (40) 5(63)
2 4(16) 1(10) 0(0) 0(0)
Primary tumor location Right colon 9(27) 5(42) 3(25) 2(22)
Left colon 13 (39) 1(8) 6 (50) 4 (44)
Rectum 8(24) 3(25) 2(17) 1(11)
Unknown 3(9) 3(25) 1(8) 2(22)
Surgery of primary No 14 (42) 1(8) 3(25) 2(22)
Yes 19 (58) 11(92) 9 (75) 7 (78)
Radiotherapy for primary No 31(94) 10 (83) 12 (100) 9 (100)
Yes 2(6) 2(17) 0(0) 0(0)
No 13 (39) 6 (50) 3(25) 2(22)
Single S-1 *+ biologic 17 (52) 5(42) 3(25) 2(22)
S-1 + oxaliplatin (SOX) Ty biologic 16 (49) 7 (58) 9 (75) 7 (78)
S-1 + irinotecan (IRIS) *+ biologic 17 (52) 7(58) 7(58) 6 (67)
Bevacizumab With 20 (61) 3(25) 6 (50) 6 (67)
chemotherapy
EGFR-inhibitor With 3(9) 0(0) 1(8) 1(11)
chemotherapy

ECOG: Eastern Cooperative Oncology Group; EGFR: epidermal growth factor receptor; LAT: local ablative therapy.

*Biologic: bevacizumab in 25, EGFR-inhibitor in 4.
Biologic: bevacizumab in 22, EGFR-inhibitor in 2.
Biologic: bevacizumab in 22, EGFR-inhibitor in 4, aflibercept in 1.



facilitated by S-1 administered as neoadjuvant/conversion
therapy. Radical (RO or A0) procedures were achieved in 85% of
patients.

Lung resection or stereotactic body radiotherapy (SBRT) was
performed in 8 (12%) patients with curative intent S-1-based
therapy as neoadjuvant/conversion therapy in 50% and as
adjuvant-like in 40% patients. All procedures were radical.

Cytoreductive surgery was performed in 5 (8%) patients and
40% of these had received S-1-based treatment as neoadjuvant/
conversion. Distant lymphadenectomy was performed in three
patients, and all of these procedures were performed before
switch to S-1-based therapy. Subcutaneous and cutaneous
surgery or radiotherapy was performed in three patients, of
which one had had neoadjuvant/conversion therapy with S-1-
based therapy.

Complications in conjunction with procedures were noticed
in 1 patient (6%, information available in 17 out of 33 patients)
with aspiration pneumonia after lung resection.
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OS from initiation of S-1-based therapy for metastatic
disease was longer in patients with metastasectomy and/or LAT
compared with patients who received only systemic therapy
(Figure 2A; HR 0.30; mOS 39 vs. 14 months, and 5-year OS rate
35% vs. 0%). Survival from the date of metastatic disease was
longer for patients who had metastasectomy and/or LAT during
their treatment trajectory compared with non-surgically
treated patients who received systemic treatment only (HR
0.24; Figure 2B). The 5-year OS rates were 51% with a mOS of 61
months for those who underwent a strategy of maximizing
surgical and ablative procedures with aggressive S-1-based
therapy enabling this approach in 21 (64%) out of 33 patients.

Discussion

Cardiotoxicity almost always leads to permanent discontinua-
tion of 5-FU or CAP and this presents a difficult challenge since
most effective treatment regimens for mCRC are based on an FP

Table 5. Description of metastasectomy and/or local ablative therapy (LAT) procedures according to time of switch.

Metastasectomy + LAT

Metastasectomy + LAT
before and after switch

Metastasectomy + LAT

before switch after switch

n (%) n (%) n (%)
12(18) 12(18) 9(14)
Number of procedures 1 9(75) 6 (50) 5(56)
2 2(17) 4(33) 3(33)
3 1(8) 1(8) 1(11)
6 0(0) 1(8) 0(0)
Procedures Metastasectomy 11(92) 9(75) 8(89)
Metastasectomy and LAT 1(8) 1(8) 1(11)
LAT 0(0) 2(17) 0(0)
Liver procedures Number of patients 3(25) 9 (75) 8 (89)
1 liver resection 2(17) 4(33) 6 (67)
2 liver resections 1(8) 4(33) 1(11)
3 liver resections 0(0) 0(0) 1(11)
1 thermoablation 1(8) 1(8) 1(11)
Lung procedures Number of patients 3(25) 4(33) 0(0)
1 lung resection 2(67) 3(25) 0(0)
2 lung resections 1(33) 0(0) 0(0)
3 lung resections 0(0) 1(8) 0(0)
SBRT lung lesion 0(0) 1(8) 0(0)
Cytoreductive surgery Number of patients 2(17) 2(17) 1(11)
+ HIPEC 1 CRS £ HIPEC 1(50) 2 (100) 0(0)
2 CRS + HIPEC 1(50) 0(0) 1(100)
Distant lymphadenectomy Number of patients 3(25) 0(0) 0(0)
1 procedure 3(100) 0(0) 0(0)
Sub-/Cutaneous extirpation Number of patients 2(017) 1(8) 0(0)
1 procedure 2 (100) 1(100) 0(0)
EBRT for subcutaneous mass 0(0) 1(100) 0(0)
Radicality RO 9 (75) 8(67) 8(89)
R1 2(17) 1(8) 0(0)
R2 1(8) 0(0) 1(11)
A0 0(0) 2(17) 0(0)
Complications of procedures No 7 (58) 5(42) 4 (44)
Aspiration pneumonia 0(0) 1(8) 0(0)
Missing 5(42) 6 (50) 5(56)

CRS: cytoreductive surgery; EBRT: external beam radiotherapy; HIPEC: hyperthermic intraperitoneal chemotherapy; LAT: local ablative therapy; SBRT:

stereotactic body radiotherapy.
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Figure 2. Overall survival from initiation of S-1-based therapy for meta-
static colorectal cancer (mCRC, panel A) and from diagnosis of mCRC (panel
B) (Efficacy cohort, n = 66). Metastasectomy/local ablative therapy (LAT) was
performed before switch in 13, before/after in 8 and after in 9 (posing a risk
of guarantee-time bias).

backbone [1]. The central finding of this analysis is that all mCRC
patients who had experienced cardiotoxicity leading to discon-
tinuation of initial FP treatment were able to safely continue
effective treatment with S-1-based regimens. In this mCRC
group, only 5% experienced recurrent cardiotoxicity on S-1-
based treatment, comparable to the 4% observed in the
CardioSwitch cohort also including other solid tumors [13]. A
similar low recurrence rate upon switching to S-1-based treat-
ment after FP-induced cardiotoxicity was previously reported in
two case series [12, 14]. In addition, the nature of the recurrent
cardiotoxicity was less severe (grade 1) compared with 55% hav-
ing grade 3 or 4 on the initial FP treatment, in line with the larger
CardioSwitch-study [13].

No new cardiac risk markers were detected in this analysis. In
this group, half of the mCRC patients did not have any pre-
existing cardiovascular comorbidities. Thus, predicting FP-
induced cardiotoxicity, seen in 4%-6% of mCRC patients,
remains a challenge for the clinician [5, 6].

The overall rate of clinically significant AEs with S-1-based
treatment was in line with previously published studies, and the
spectrum of AEs was consistent with that expected from FP-
based treatment. The drugs that were most frequently combined

with S-1 were oxaliplatin, irinotecan, and VEGF-inhibitors
(bevacizumab or aflibercept), in line with current guidelines, or
EGFR-inhibitors (panitumumab or cetuximab) that were used
for conversion in selected patients but are not recommended in
current guidelines [1, 21, 23]. The frequencies of AEs for S-1 as a
single agent [16, 24-26] or in combination with oxaliplatin or
irinotecan + biologics are in line with previously published data
[21, 24, 27-35]. The rates of AEs in our Safety cohort were similar
to the rates observed in the SmPC cohort previously shared with
EMA and no new risk-benefit concerns were raised.

In this analysis, the mPFS for first-line S-1 treatment in
patients with mCRC was 11.0 months and mOS was 26.6 months.
Thisisin line with previously published data with 4.4-8.4 months
and 11.1-16.8 months for mPFS and mOS, respectively, for FP
monotherapy, and 5.1-12.2 months and 14.5-29.7 months,
respectively, for combinations with oxaliplatin or irinotecan [16,
24-35].

The mPFS in later-line treatment was 2.8 months and mOS
was 12.7 months, in line with 1.9-5.7 months and 6.4-11.2
months, for mPFS and mOS, respectively, for other regimens
[36-41].

There are very few alternatives or strategies to continue
effective treatment after FP-induced cardiotoxicity in mCRC. In
the curative-intent setting, there are no options other than
rechallenge with CAP/i.v. 5-FU with cardioprotective treatment
under telemetry guided by a cardio-oncologist, or switch to an
alternative FP such as S-1, as all data in the neoadjuvant/
adjuvant situation are based on FPs, either as single agent or
combined with oxaliplatin [1, 42]. However, rechallenge with
CAP orinfused 5-FU puts the patient at high risk of cardiotoxicity
recurrence and even mortality [3, 43]. The effect of dose
reduction with or without prophylactic cardioprotective drugs
is modest at best [5, 44, 45]. Three case series of 5, 6, and 10
patients found that bolus 5-FU is feasible after previous
cardiotoxicity oninfused/oral FP with recurrence of cardiotoxicity
in 0%-20% [13, 46, 47]. Raltitrexed has been reported to be an
option after FP-induced cardiotoxicity in two small retrospective
studies with 25 and 32 mCRC patients [48, 49]. However,
raltitrexed is not widely used due to modest activity, a difficult
toxicity profile, and relatively high mortality [50, 51]. The only
alternative in the conversion setting is to continue with an FP, of
which S-1 is easy to use and apparently safe. In combination
with oxaliplatin or irinotecan and a biologic, it yields high
response rates and thus maximizes the chance for cure [1, 52].

Unfortunately for some patients, the most effective approach
is not feasible. Many elderly or unfit patients need a more de-
escalated chemotherapeutic strategy approach [1]. FPs are still
the best choice here, providing meaningful and durable
responses with emphasis on maintaining quality of life [25].
Also, for this group, S-1 can provide a safe and efficacious
treatment option [16, 26].

The benefits of metastasectomy and/or LAT are well
documented, and the goal should be to achieve resectability in
as many cases as possible, as a preserved curative intent of
treatment is an important factor in pursuing better OS [1, 53], as
seen in these patients. In this study, up to half of the patients



underwent curative intent metastasectomy and/or LAT, of which
64% had the procedure after switching to S-1-based
chemotherapy. We observed no safety concerns regarding S-1
and metastatic surgery for either liver, lung, or cytoreductive
surgery. As cardiotoxicity almost always leads to discontinuation
of FP, being able to continue effective combination chemotherapy
with S-1 is extremely important for enabling conversion to
resectability. In this analysis, we show this strategy to be feasible
with a success rate of 95% for patients who were able to undergo
effective conversion therapy with SOX or IRIS + biologics.

This substudy in mCRC patients has limitations due to its
retrospective nature [13]. It is likely that a prospective setting
would have provided more comprehensive data, but inclusion
time would be an issue. Also, a randomized study would be
unethical as the experimental arm would include rechallenge of
FP under cardioprotection or raltitrexed, with unacceptably
high mortality risks.

In summary, this study confirms that switching to S-1-based
therapy is a feasible and safe option for patients with mCRC
when conventional FPs are discontinued due to cardiotoxicity.
Furthermore, S-1 can be safely combined with several
chemotherapeutic and biologic drugs, retaining the full benefits
of standard FP combination treatment options in this setting.
Moreover, S-1-based therapy allows patients with mCRC to
continue and complete effective treatment and to go through
surgical metastasectomy without added risk.
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