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Supplementary Material: Methods

Table S1: Treatment regimens

Treatment regimen | Administration

Capecitabine Capecitabine (2000 mg/m?) in 14 days followed by 7 days off *

monotherapy

CAPOX Capecitabine (2000 mg/m?) in 14 days followed by 7 days off +
oxaliplatin (130 mg/m?) **

CAPIRI Capecitabine (1600 mg/m?) in 14 days followed by 7 days off + irinotecan
(200 mg/m?) **

Neoadjuvant Capecitabine (2000 mg/m?) in 14 days followed by 7 days off +

CAPOX followed oxaliplatin (130 mg/m?), 3 cycles

by radiation and Chemoradiation with capecitabine 1800 mg/m? per day, continuously until

concomitant end of radiation therapy **

capecitabine

* Antiemetics: Domperidone 10 mg as needed, up to three doses per day

** Antiemetics: Prednisolone 50 mg day 1-3, ondansetron 16/24 mg day 1 and domperidone 10 mg
as needed, up to three doses per day



Table S2: Definition of cardiovascular risk factors

Hypertension

A medical history or self-reported diagnosis of hypertension or current
intake of antihypertensive medications

Hypercholesterolemia

A medical history or self-reported diagnosis of hypercholesterolemia or
current intake of cholesterol lowering medications and/or a non-fasting
total cholesterol > 5.0 mmol/L [1].

Diabetes

A medical history or self-reported diagnosis of diabetes or current
intake of anti-diabetic medications and/or a fraction of glycosylated
hemoglobin (HbAlc) > 48 mmol/mol [2].

Smoking

Self-reported smoking habits
Categorized as current smoker, former smoker or never smoked

Body mass index days

Calculated from height and weight

Categorized according to WHO’s classification in:
Underweight (< 18.5 kg/m?)

Normal (18.5-24.9 kg/m?)

Overweight (25.0-29.9 kg/m?)

Obese (> 29.9 kg/m?)




Figure S1: Placement of Holter electrodes on the chest wall
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Holter recording were performed for 1-3 days before treatment start and up to 4-6 days during
treatment with capecitabine.

Instructions of the patients

e During recording the patients were allowed only to remove the Holter monitor briefly during
showering and they received detailed instructions together with an illustration on how to apply
and replace the electrodes and cables correctly.

e No instructions about physical activity during the study period were given, but the patients were
instructed to record their activities in a diary.

Influence of positional movements on the ST-segment

The influence of positional movements on the ST segment were examined in a subgroup of 25
consecutive patients by obtaining 1-minute recordings in the supine, sitting and standing positions
No significant ST-deviations were observed during these positional movements.



Table S3: Endpoint definitions and methodological details

Clinical events

Including acute coronary syndromes, symptomatic tachyarrhythmias and
cardiac arrest.

Acute coronary syndromes and myocardial infarction were defined
according to current guidelines from the European Society of Cardiology

[3].

Myocardial ischemia on
Holter recording

ST elevation of > 1 mV measured in the J-point lasting at least 1 minute
or downsloped or horizontal ST depression of > 1 mV measured 60 ms
after the J-point lasting at least one minute.

An interval of > 1 minute of recording with no ST deviations should be
present before a new discrete episode was counted.

The PR-segment was used as reference point, but we corrected for
baseline ST-abnormalities [4].

Myocardial ischemia on
12-lead ECG

Significant ST elevation or significant ST depression in at least two
adjacent leads or negative T-waves of > 0.1 mV in two adjacent leads
with prominent R or R/S > 1.

ST elevation was measured in the J-point and considered significant if >
0.25 mV in V2-V3 for men < 40 years old, > 0.20 mV in V2-V3 for men
> 40 years old, > 0.15 mV in V2-V3 for women and > 0.10 mV in all
other leads.

ST depression was measured 60 ms after the J-point and horizontal or
downsloped depressions of > 0.05 mV in at least two adjacent leads were
considered significant [3].

Cardiac troponin I,
elevations and
fluctuations

Assay: ADVIA Centaur Tnl-Ultra assay, Siemens Healthcare
Diagnostics Inc (upper 99™ percentile cut-off: 40 ng/L, coefficient of
variation at the 99th percentile: 10%, calibration traceable to NIST SRM
2921) [5].

Elevations: Defined as values above the upper 99th percentile cut-off of
40 ng/L [5].

Fluctuations: Increases in cardiac troponin I plasma concentrations larger
than the assay variation but below the 99th percentile. According to the
assay specifications an increase in troponin of 44.4% is considered
clinically significant.

Copeptin

Assay: Thermo Scientific™ BRAMS™ Copeptin pro-vasopressin
immunofluorescent assay, Thermo Fischer Diagnostics (lower detection
limit: 0.69 pmol/L, intra-assay coefficient of variation < 15%, inter-assay
coefficient of variation < 18%, 2.5 and 97.5 percentiles 1.7 and 11.25
pmol/L, respectively) [6].

Copeptin was analyzed as a continuous variable.

Secondly, the number of patients with co-peptin levels above the
suggested cut-off for myocardial infarction (10 pmol/L) is given [7].

Ventricular
tachyarrhythmia (both 12
lead ECG and Holter)

> 3 complexes with a QRS interval > 120 ms and > 100 beats per minute
[8].

Non-sustained ventricular tachycardia: duration < 30 seconds. patient
hemodynamic stable.

Sustained ventricular tachycardia: duration > 30 seconds, patient
hemodynamic instable

QTc

QT was measured on resting 12-lead ECG and corrected by use of
Bazett’s formula [9].




Study/sample size calculation
Sample size was estimated from the expected proportion of patients with cardiotoxicity using the
following equation:

= (ZY %301 -5

n= (\m) x p(1— p)

Where m is the margin of error and p is the expected proportion. z = 1.96 for 95% confidence
intervals.

For capecitabine the expected proportion of patients with myocardial ischemia was set to 10% and a
margin of error og 7 was chosen/accepted:

n>(1,96/0,07)?x 0,1 x (1-0,1) = 71 patients



Supplementary Material: Results

Table S4: Median recording time

Before capecitabine During capecitabine
(hours) (hours)
First cycle 34.6 (range 7.8—128.1) | 132.5 (range 47.0-160.1)

Second recording
(3 or 4 cycle) 30.3 (range 7.7-78.8) | 134.2 (range 24.8—162.8)




Day-to-day variation of ischemic episodes before capecitabine treatment
Only one patient had myocardial ischemia on Holter recording before first cycle, and one had before 3™ or 4™ cycle. Both patients had only one day of monitoring before treatment
start and therefore it was not possible to estimate the day-to-day variation in ischemia before treatment start.

Day-to day variation in ischemia during capecitabine treatment
The day-to-day variation in ischemic burden during capecitabine treatment is shown graphically for patients with myocardial ischemia in Figure A3a and b.

Figure S2 A and B: Ischemic burden per day of recording (log scale) for patients with myocardial ischemia during 1% cycle and 3™ or 4th cycle, respectively
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Figure S2 A and B shows the ischemic burden on a log scale (Y-axis) per day (X-axis) of Holter recording for cases with myocardial ischemia in 1% cycle (A) and 3" or 4™ cycle (B), respectively.
The case number refer to the case numbers in Table S5. The ischemic burden is calculated by multiplication of the amplitude and the duration of ST-deviations on Holter recording, in the channel
with most pronounced ischemia. Values of 0 is set to 1 since it is not possible to log-transformed values of 0.



Table SS: Details concerning patients with cardiac symptoms and myocardial ischemia

Case | Treatment Dose Cycle Symptoms Type of CTC AE | Ischemia Ischemia Ischemia Ischemia ECG Elevated Other findings Initiated Retreat- Symptoms
no. intensity of event grade before 1st | during 1% before during changes | cTnlor cardiac ment with at retreat-
of onset (version | cycle cycle 3rdjqth 3rdjqth on 12- CK-MB therapy capecita- ment
capecita- (day) 5) cycle cycle lead bine, dose
bine ECG intensity
Patients with cardiac symptoms
1 Met. 100% 1(9) Suddenly Cardiac 4 No No, not - - ST| V2- | c¢Tnl? ECHO: LVEF CPR, No -
Capecitabine unconscious arrest monitored Vs, CK-MB 1 45%, otherwise defibrillation,
during AFLI normal ROSC,
event CT of chest: ia therapeutic
CAG: no hypothermia,
stenoses ASA,
clopidogrel
2 Met. 100% 1(10) | Dyspnea Acute 3 No ST 1 day - - No No, but NT-proBNP 11 No, No -
Capecitabine heart 3-5 fluctuation ECHO: LVEF spontaneous
failure in ¢Tnl 45%, recovery after
and below anterolateral capecitabine
unstable threshold hypokinesia withdrawal
angina Cardiac
monitoring: ST 1
in inferior and
anterolateral
leads, negative T
waves
3 Met. 75% 1(1) Chest pain, Unstable | 3 No ST 1 day - - ST 1 in No NT-proBNP 1 ASA single No -
Capecitabine dyspnea angina 2-5 L II, 11 Echo: Normal dose, calcium
and aVF antagonist
4 Adj. CAPOX | 100% 3(4) Chest pain Unstable | 3 No No No No No No No Calcium Yes, 50% No
angina antagonist
5 Adj. 75% 1(3) Chest pain Unstable | 2 No No - - No No, but NT-proBNP 1 No No -
capecitabine angina fluctuating | (before and
cTnlunder | during)
cut-off
level
6 Met. 100% 1 Chest pain Unstable | 1 No No No No No No No No Yes, 100% | No
Capecitabine (1+2) angina
7 Adj. 75% 4(1) Chest pain Unstable | 1 No No No No No No No No Yes, 100% | No
capecitabine angina
Patients with silent myocardial ischemia
8 Met. cape 100% 1(1) None Silent MI No ST | (day No ST | (day | No No No No Yes, 100% | No
1+4+5) 5+6)
9 Met. cape 100% 1(3) None Silent MI No ST | (day - - No No No No No -
3-5),
negative
T-waves
10 Met. cape 100% 3 (1) None Silent MI No No ST | ST | (day | No No No No Yes, 100% | No
1-7)
11 Met. cape 100% 3(D) None Silent MI No No No ST | (day | No No No No Yes, 100% | No
D
12 Met. cape 100% - None Silent MI | - ST 1 No No No No No No No Yes, 100% | No

Adj., adjuvant; Met., metastatic; ECG, electrocardiogram; STEMI, ST-elevation myocardial infarction; MI, myocardial ischemia; ST |, ST depression; ST 1, ST elevation; NSVT, non-sustained ventricular tachycardia; VF, ventricular fibrillation;
cTnl, cardiac troponin I; CK-MB, creatine kinase MB; ECHO, echocardiography; LVEF, left ventricular ejection fraction; CAG, coronary angiography; CPR, cardiopulmonary resuscitation; ROSC, return of spontaneous circulation; ASA,

acetylsalicylic acid; NTG, nitroglycerin




Table S7: The mean number and mean duration of ischemic episodes and the mean total ischemic burden (per patient per 24

hours)

Before 1* cycle

During 1* cycle

Before 3™ or 4"

During 3" or 4"

(n=280) (n=280) cycle cycle
(n=157) (n=157)
Total ischemic burden® (mm*min) 1.4 (SD 12.3) 36.3 (SD 256.7) 0.8 (SD 5.8) 2.6 (SD 16.8)
Total duration of episodes with ST-depression® (min) 0 0.3(SD2.1) 0.3(SD2.2) 1.4 (SD 8.3)
Total duration of episodes with ST-elevation® (min) 0.7 (SD 6.7) 14.7 (SD 105.1) 0 0
Number of episodes with ST-depression® 0 0.02(SD 0.11) 0.02 (SD 0.15) 0.12 (SD 0.66)

Number of episodes with ST-elevation®

0.02 (SD 0.16)

0.45 (SD 3.1)

0

0

Number of patients with both symptomatic and silent ischemic
episodes

0

2

0

0

per patient per 24 hours; SD = standard deviation

10



Figure S3: Diagnostic work-up for patients with symptoms during capecitabine treatment

Symptoms

Interpreted as cardiotoxicity Not interpreted as cardiotoxicity

15 patients with symptoms during treatment with capecitabine
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y

! :

Other:
Cardiacarrest(n=1)

Dyspnea after cold water 10 minutes with
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CT, no ischemia on ECG,
cTnlnormal(n=1)

y

Oppressive chestpain, no
ischemia on Holter recording
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cTnl(n=4)

Oppressive chestpain,
ischemia on Holter recording,
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Ito I, ECG normal, ST
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normalcTnl (n=1)

y

Out of hospital cardiac arrest,
VF on ECG, ROSC, post-ECG
with ST depressions and atrial
fibrillation, rise and fall in cTnl,
normal coronary arteriography
(n=1)

ECG, electrocardiogram; c¢Tnl, cardiac troponin I; NT-proBNP, N-terminal pro-brain-natriuretic peptide; NYHA, New York Heart Association scale; CT,
computertomografi scan; ROSC, return of spontaneus circulation.
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Table S8: Cardiac troponin I levels in patients with cardiac troponin I above the cut-off level
of 40 ng/L during the study period or increases in cardiac Troponin I levels larger than the
assay variation but below cut-off level

Case (case Before | During | Before | During | Cardiac Cardiac comorbidity Prior treatment
no. 1 cycle | 1*cycle | 3 or 3" or symptoms | and risk factors
continued (ng/L) (ng/L) | 4™ 4rd
from Table cycle cycle
S5) (ng/L) | (ng/L)
Patients with cardiac troponin I above cut-off level (any timepoint during study period)
1( 10 4620 - - Cardiac Hypertension Paclitaxel
arrest Letrozole
Exemestane
6 33 37 42 33 angina Aortic valve stenosis None
during 1% (moderate)
cycle Hypertension
Hypercholesterolaemia
13 Missing | 4080 4800 4850 No Active smoker None
14 57 42 - - No Hypertension None
Former smoker
15 47 25 10 10 No No Epirubicin
Docetaxel
Cyclophosphamide
Radiotherapy of left
breast
16 10 70 10 10 No Hypertension None
Hypercholesterolaemia
Former smoker
Patients with increases in cardiac troponin I larger than the assay variation but below the cut-off
Level (during either 1% or 3"/4™ cycle)
2 10 35 - - Acute heart | Active smoker Letrozole
failure and Everolimus
unstable Exemestane
angina
17 22 27 - - No No Docetaxel
Epirubicin
Radiotherapy of left
breast
Aromatase inhibitor
Fulvestrant
18 10 14 - - No Hypertension None
Former smoker
19 16 14 19 26 No Hypertension None
Hypercholesterolaemia
Former smoker
20 11 10 10 17 No Hypertension None
Hypercholesterolaemia
21 15 10 10 17 No Hypertension None
Hypercholesterolaemia
Former smoker

There were also patients with decreases in cardiac troponin | larger than the assay variation during treatment with
capecitabine compared to before (1% cycle: 4 patients; 3™ or 4™ cycle: 3 patients).

12



Figure S4: Median plasma cardiac troponin I levels before and during treatment with

capecitabine
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The figure shows the median plasma cardiac troponin I levels (¢Tnl) before and during treatment with

capecitabine in 1* cycle and 3™ or 4™ cycle, respectively. The upper and lower boundaries of the boxes (25

and 75 percentiles) cannot be seen since they are equal to the median, because most patients had ¢Tnl values

of 10 ng/L. (lower detection limit for the assay). The dots represent individual data points, and lines connect

datapoints from the patients. There was no difference in plasma cTnl levels before and during treatment in

Ist cycle (p = 0.92) or 3rd/4th cycle (p = 0.48).
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Table S9: Number of patients with elevated copeptin before and during treatment

Before 1% cycle

During 1 cycle

Before 3™ or 4™ cycle

During 3" or 4™ cycle

16 (20.5%)

18 (23.4%)

11 (18.6%)

13 (23.2%)

14



Table S10: Number of patients with episodes of non-sustained ventricular tachycardia before

and during treatment with capecitabine

Non-sustained Non-sustained P-value for
ventricular tachycardia | ventricular tachycardia | difference
before capecitabine during capecitabine

1% cycle 6 (7.4%) 16 (19.8%) 0.021

3" or 4 cycle 4 (6.9%) 11 (19.0) 0.065

15




Table S11: Non-sustained ventricular tachycardia according to the different days in cycle 1:
P-values from Wilcoxon signed rank test without and with Bonferroni correction

p-value (not p-value
corrected for (Bonferroni
multiple corrected)
comparisons)
Day 1v0 0.742 1.000
Day2v0 0.952 1.000
Day3v0 0.497 1.000
Day 4v0 0.071 0.355
Day 5v0 0.066 0.330

P values in bold are significant



Discussion of the differences in study design of this study compared to our
previous study of 5-FU

In the main manuscript is discussed that the incidence of myocardial ischemia from capecitabine of
7% is lower than the incidence we have previously found for 5-FU of 18.7% [10]. One reason for
this difference could be that capecitabine is converted to 5-FU mainly in the tumor tissue and
therefore the plasma levels of 5-FU is lower during capecitabine treatment compared to intravenous
5-FU treatment. However, there are also methodological differences between our two studies. Due
to the administration of capecitabine for 14 days, it was not possible to monitor the patients with
Holter recording throughout the entire treatment period. Thus, myocardial ischemia with debut
beyond the days of Holter recording was not detected in the present study. Oppositely, the longer
Holter recording time in the present study (7 days) compared to the 5-FU study (3-4 days) increases
the likelihood of capturing myocardial ischemia. It is well-known that a day-to-day variation in the
number and duration of ischemic episodes on Holter recording is present in patients with chronic
ischemic heart disease [11, 12] and therefore a longer recording time may by chance reveal more
ischemic episodes due to underlying, unrecognized ischemic heart disease. Furthermore, both
studies showed a considerable day-to-day variation in myocardial ischemia during treatment,
suggesting that fluctuations in the amount of myocardial ischemia occur in patients with

fluoropyrimidine-induced myocardial ischemia.

Alternative treatment options and S-1

Alternative treatment options for patients experiencing capecitabine cardiotoxicity vary based on
the type of cancer being treated. For patients with metastatic breast cancer, the next line of
treatment is typically initiated [13]. In patients with colorectal or gastric cancer, alternative options
may include the oral fluoropyrimidine, S-1. S-1 combines a dihydropyrimidine dehydrogenase
(DPD) inhibitor with the 5-FU prodrug, tegafur [14]. The inhibition of DPD reduces the degradation
of 5-FU to fluorobetaalanine [14]. Since fluorobetaalanine is sought to play a key role in
fluoropyrimidine cardiotoxicity [15], S-1, may be less cardiotoxic compared to 5-FU and
capecitabine. S-1 is mainly used in Asian populations [16], but in western populations, S-1 has
shown comparable efficacy to capecitabine in metastatic colorectal cancer [17] and to 5-FU in
advanced gastric cancer [18]. The data on cardiotoxicity from S-1 are relatively sparse, however, in
200 patients with cardiotoxicity from 5-FU or capecitabine, a switch to S-1 only resulted in

recurrent cardiotoxicity in 4% [19]. Also, a small study involving 59 patients with colorectal cancer

17



compared the cardiotoxicity of capecitabine and S-1 [20]. The results revealed a greater increase in
mean daily ischemic burden on Holter recording and higher levels of fluorobetaalanine in patients

treated with capecitabine compared to those receiving S-1 [20].
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