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Background and Purpose: Even though new cancer therapies have improved the overall
survival, in some cases they have been associated with adverse effects, including increased
cardiotoxicity. The purpose of the present study was to assess the cardiovascular effects of
adjuvant chemotherapy for colorectal cancer and mainly the impact on arterial stiffness indices.
Material and Methods: A total of 70 patients with non-metastatic colorectal cancer who
were treated either with FOLFOX (n=16) or with XELOX (n=54) adjuvant chemotherapy
were included in the study. All patients were subjected to full cardiovascular evaluation at the
beginning and the end of chemotherapy. Arterial stiffness was assessed by means of pulse
wave velocity (PWV) and augmentation index (Aix) and full laboratory examinations were
conducted prior to, and soon after, the termination of chemotherapy.

Results: Patients exhibited significantly higher levels of carotid-radial PWYV, carotid femoral
RWYV and Aix post-chemotherapy (p<0.001); these findings remained significant when
examined separately in each treatment subgroup (FOLFOX, XELOX). The observed changes
were independent of treatment regimen and baseline patient characteristics. Univariate
regression analyses showed that baseline PWVc-r and PWVc-f were the only factors
associated with PWVc-r and PWVc-f change, while Aix change was independent of its
baseline value.

Conclusion: There is a clear burden in arterial stiffness indices post-adjuvant chemotherapy
for colorectal cancer in both chemotherapy groups. This is a finding of important clinical
significance, however more prospective studies are required in order to encode the possible
mechanisms involved.

Keywords: arterial stiffness, adjuvant chemotherapy, colorectal cancer

Introduction
Colorectal cancer remains a major cause of cancer mortality in the Western world
regardless the gender. Despite that, the overall mortality has declined in the last 40
years in the developed world, mainly due to early diagnosis and better treatment
modalities.'~

Adjuvant chemotherapy aims at reducing the risk of relapse and death by
eliminating residual micro-metastatic disease and according to the guidelines
should be considered for all patients with high risk stage II disease (ie, presence
of lymph nodes sampling <12, poor differential tumor, vascular lymphatic or
perineural invasion, obstruction or perforation and pT4 stage) and patients with
stage 1

FOLFOX is an abbreviation for chemotherapy regimes 5-fluorouracil and oxali-
platin, whereas XELOX stands for chemotherapy with oxaliplatin and capecitabine.
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Common clinical adverse effects of 5-FU include myelosup-
pression, diarrhea, mucositis and for capecitabine hand and
foot syndrome. Cardiotoxicity is less frequent and its pre-
valence varies between 1.6% and 8.5% for both chemother-
apy strategies, mainly in patients without previous history of
cardiovascular disease. The mechanisms involved are not
fully exploited. To what extend the malignancy itself attri-
butes to the cardiotoxicity remains unclear.*

Many researchers have speculated that cancer may share
several risk factors with cardiovascular disease.”® It has
been previously reported that patients with colorectal ade-
nomas also have increased arterial stiffness indices which
was attributed to a pathophysiologic interaction between
obesity, cardiovascular risk factors and colon pathology.’

In this prospective study, we aimed to investigate changes
in the cardiovascular profile and arterial stiffness indices in
patients with non-metastatic colorectal cancer who received
adjuvant chemotherapy and exploit possible mechanisms
linked to the malignancy itself or the chemotherapy regime.

Materials and Methods

For the purposes of the study, 92 patients were recruited
with non-metastatic colorectal cancer stages II and I1I who
according to the guidelines were eligible to receive adjuvant
chemotherapy. The study protocol, which was contacted
between 2010 and 2016, has been revised and approved in
2010 by the Ethics Committee of Hippokration Hospital,
Athens, Greece. The study protocol was designed and exe-
cuted according to the Declaration of Helsinki. All patients
provided their written consent prior to recruitment.

Past medical history was obtained from all the patients in
order to exclude those who had known ischemic heart disease,
recent (<6 months) cerebrovascular events, known heart fail-
ure, electric rhythm disturbances and background history of
ventricular arrhythmia. Blood samples were collected from the
antecubital vein between 0800 and 1000 hrs, with the patient in
the sitting position for at least 10 mins and at least after an
overnight fast. All tests were conducted in the same labora-
tories using the criteria of the World Health Organization.

Cardiovascular Evaluation

All patients prior to the initiation of chemotherapy and
immediately after the completion of it were subjected to
full cardiovascular evaluation including:

Blood Pressure Evaluation
For the diagnosis of arterial hypertension, we used the cut-
off limits of (>140 mmHg) for systolic and (>90 mmHg) for

diastolic blood pressure. Three separate measurements, 1
week apart, were conducted. A 2-week washout period
preceded for every patient already on antihypertensive
treatment. In each visit, blood pressure was measured
three times with the patient in a sitting position after
a 10-15 mins relaxation period. A mercury sphygmoman-
ometer was used for all measurements, while the size of the
cuff was adjusted accordingly. A 24 hrs ambulatory blood
pressure monitoring (24hABPM, Spacelabs®) was carried
out whenever considered appropriate.

Measurement of Arterial Properties

Arterial stiffness indices were assessed in the morning, in
a special room with stable temperature. Subjects were
requested to abstain from caffeine, smoking, and alcohol
for at least 12 hrs prior to measurements. Systolic BP,
diastolic BP, and heart rate were measured three times in
both arms with an automatic mercury sphygmomanometer
(Omron M4-I, CE 0197, Netherlands).

The arterial pulse was assessed by means of a validated
system (SphygmoCor; AtCor Medical, Sydney, Australia),
which uses the principle of applanation tonometry and
appropriate acquisition and analysis software for noninva-
sive recording. A high fidelity micromanometer was
placed under gentle pressure to the non-dominant hand
radial artery. Twenty waveforms were applied and subse-
quently the software performed the analysis and Aix and
ascending aortic pressure was obtained.

Augmentation indices of the central waveform were
used as indices of wave reflection. Al was defined as
augmented pressure divided by pulse pressure and
expressed as a percentage. We calculated the time between
the foot of the pressure wave and the injection point from
which the aortic pulse pressure was finally derived. The
interpretation of results was based upon the rule that
higher Al levels suggest increased wave reflection periph-
erally and/or earlier return of the reflected wave second to
increased PWYV, and vice versa. Given that heart rate may
affect Al levels, all values were automatically corrected
for heart rate by the SphygmoCor software and therefore
the AoAIx75 index was derived.'>'¢

Pulse wave velocity is the velocity at which the arterial
pulse propagates through the circulation and it is by defi-
nition the distance traveled (Ay) by the wave divided by
the time (At) which allows the wave to travel that distance.
The anatomy and the elastic properties of the arterial wall
affect the final speed. For the calculation of PWVc-f, the
pulse transit time was measured as well as the distance
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travelled between 2 recording sites (PWV = distance (m)/
transit time (s)) with the Complior device (Complior;
Dupont Medical, Pantin, France). Two different pulse
waves were measured simultaneously at 2 sites (at the
base of the neck for the common carotid and over the
right-femoral artery) with 2 transducers. The distance
was defined as (distance from the suprasternal notch to
femoral artery) — (distance from the carotid artery to the
suprasternal notch). It is generally considered as a simple
noninvasive technique with good reproducibility.
According to the European Society of Hypertension
PWYV values greater than 10 m/s can be considered as an
independent marker of end-organ damage; however, there
is still no universal agreement on fixed PWV threshold

values.!”!®

Other Measurements

All patients had a baseline electrocardiogram (ECG) followed
by a repeat one after the completion of chemotherapy.
Baseline echocardiographic studies were performed prior
and after the end of chemotherapy cycles. Standard M-mode,
2-dimensional and Doppler images were obtained during
breath-hold at end-expiration and measurements were
obtained from the mean of 3 consecutive beats. Left ventricu-
lar systolic and diastolic function were assessed pre- and post-
chemotherapy. Echocardiographic studies were performed in
the cardiology department by the same operator each time.
Tumor markers specific for each malignancy were also
assessed before and after the last cycle of chemotherapy.

Chemotherapy

The patients included in the study were subjected to che-
motherapy with either FOLFOX (Oxaliplatin and 5-FU infu-
sion) for minimum of 6 cycles and with XELOX (oxaliplatin
and capecitabine tablets) for 6 cycles. Precisely FOLFOX
regime included Oxaliplatin 85mg/m?, leucovorin 200mg/
m?, 5FU bolus dose of 400mg/m? and 48 hrs 5FU infusion
of 1200mg/m?. XELOX regime included Oxaliplatin 130mg/
m? followed by Xeloda 2gr/m? oral tablets for 14 consecutive
days. Patients who experienced severe side effects or did not
present in the follow up measurements after the termination
of therapy was excluded from the study. Twenty-two patients
failed to continue the study. Twelve failed to attend cardio-
vascular follow up after the completion of chemotherapy,
mainly because of commuting issues, since they were based
in rural areas of Greece, whereas 10 experienced severe
diarrhea and/or severe hand and foot syndrome, therefore
chemotherapy was either adjusted or terminated prematurely.

Statistical Analysis

Mean (SD), median, IQR and range are used for present-
ing continuous variables, while categorical variables are
presented as frequencies. To evaluate changes in para-
meters of interest after chemotherapy compared to base-
line, the Wilcoxon signed-rank test was used. Univariable
linear regression analyses were performed in order to
identify factors significantly associated with the changes
in SBP, Aix75, PWVc-r and PWVc-f, the change (after-
before chemotherapy) was used as the dependent variable
and baseline patient, treatment and laboratory characteris-
tics (including gender, age, BMI, treatment type, treatment
duration) were included as independent variables. All sta-
tistical analyses were performed using SAS University.
Statistical significance was set at p=0.05 (two-sided).

Results

A total of 70 patients with non-metastatic colorectal cancer
treated with adjuvant chemotherapy were finally included in
the present study. Patients baseline characteristics are pre-
sented in Table 1, overall and by the treatment regimen
(FOLFOX, N=16; XELOX N=54). The majority of patients
were males (N=55, 78.6%) with mean age of 65 years.

Vital signs, hemodynamic measurements and basic
laboratory parameters pre- and post-chemotherapy are pre-
sented in Tables 2 and 3. In the entire cohort, a significant
change post-chemotherapy was demonstrated for SBP (pre-
chemotherapy: Median (min-Max)=130 (110-140)mmHg;
post-chemotherapy: 135 (112-160)mmHg; p<0.001). No
significant change in DBP was observed, while changes in
the EF could not be evaluated due to all patients having the
same EF measurement after chemotherapy (Table 2).

Regarding arterial stiffness indices, a significant
change was observed in Aix75 (16.9% (12.5-21.9) vs
21.3% (14.5-32.0); p<0.001), PWVc-r (7.2(6.2-8.5) m/
second vs 8.2 (6.9-10.6) m/second, p<0.001) and
PWVec-f (7.5 (6.3-8.8) m/second vs 8.3 (7.5-9.5)m/sec-
ond, p<0.001) (Table 3; Figures 1-3). The aforemen-
tioned changes were evident when examined separately
in the subgroups defined by treatment regimen.

None of the factors examined in univariate regression
analyses was significantly associated with SBP change post-
chemotherapy. Regarding the arterial stiffness parameters,
baseline PWVc-r (b=—0.91; 95% CI (-1.27, —0.56);
p<0.001) and PWVc-f (b=—-0.52; 95% CI: (—0.69, —0.34);
p<0.001 were the only factors associated with PWVc-r and
PWVec-f change, respectively. Finally, baseline Aix75 was
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Table | Selected Patient and Treatment Characteristics in the Entire Cohort and by Treatment Regimen

Parameter Overall Population (N= 70) FOLFOX (N=16) XELOX (N=54)
N (%) N (%) N (%)
Age N 70 16 54
Mean (SD) 64.9 (10.5) 71.4 (6.8) 62.9 (10.7)
Median 64 69 62.5
Q25-Q75 57.0-76.0 66.5-78.0 54.0-70.0
Min-Max 30.0-81.0 62.0-81.0 30.0-80.0
Gender Male 55 (78.6%) 12 (75.0%) 43 (79.6%)
Female 15 (21.4%) 4 (25.0%) 11 (20.4%)
BMI (kg/m?) N 70 16 54
Mean (SD) 24.7 (4.4) 27.4 (5.9) 23.9 (3.5)
Median 24 25 235
Q25-Q75 22.3-25.9 24.3-27.7 21.8-25.5
Min-Max 17.2-44.8 22.3-44.8 17.2-343
Surgery Yes 70 (100.0%) 16 (100.0%) 54 (100.0%)
Treatment duration (months) N 70 16 54
Mean (SD) 5.4 (1.2) 5.8 (1.3) 5.3 (1.2)
Median 5 55 5
Q25-Q75 4.8-57 5.0-6.9 4.8-5.6
Min-Max 34-94 3.8-84 3494
Number of cycles 22 (31.4%) 3 (18.8%) 19 (35.2%)
8 34 (48.6%) 3 (18.8%) 31 (57.4%)
12 14 (20.0%) 10 (62.5%) 4 (7.4%)
Treatment regimen FOLFOX 16 (22.9%) 16 (100%) -
XELOX 54 (77.1%) - 54 (100%)

Abbreviations: FOLFOX, Oxaliplatin-LCV-5FU; XELOX, Oxaliplatin-Xeloda.

not associated with Aix75 change (p=0.314); the only factor
significantly associated with Aix75 change was baseline
ALP (b=0.04; 95% CI: 0.00, 0.07, p=0.043).

Discussion

The main findings of this prospective study are shaped as
follows: patients with non-metastatic colorectal cancer who
are subjected to adjuvant chemotherapy have higher SBP
levels post minimum 6 cycles of chemotherapy, whereas
DBP and HR are not affected; arterial stiffness indices
values increase significantly post-chemotherapy in the over-
all population as well as in the subgroup of each chemother-
apy strategy. This rise in the values is affected by the
baseline levels of PWV yet no such association was demon-
strated for Aix. No difference was noted in EF pre- and
post-chemotherapy. Up to date, this is the first study
designed to assess arterial stiffness indices pre and post
adjuvant chemotherapy for non-metastatic colorectal cancer.

Cardiovascular disease and colon adenomas, which can
lead to colorectal cancer, share common pathophysiologi-
cal mechanisms including inflammation, oxidative stress
and insulin resistance.'” Arterial stiffness plays a pivotal
role in atherosclerosis; therefore, PWV is an established
marker of vascular damage and a leading marker to the
diagnosis of atherosclerotic disease.'' It has been pre-
viously suggested that patients with colorectal adenomas
have higher PWV'? indicating a causative relationship
between cardiovascular disease and adenomas and
a point of interest for bigger studies in order to unmask
possible mechanisms and deem PWYV as a risk predictor
marker for colon adenomas.

In our study, PWV in patients with colorectal cancer rise
post-chemotherapy and the rise noted was higher among
those with greater PWV baseline values irrespectively of
the chemotherapy strategy that was chosen. This suggests
that there is an acute rather than a chronic effect on vascular
damage on these patients (immediately post 6 to 8 cycles of

1178 submit your manuscript
Dove

Cancer Management and Research 2020:12


http://www.dovepress.com
http://www.dovepress.com

Visvikis et al

Dove

‘uondedy uondale 43 taunssaud poojq dljoaselp 4gq ‘e4nssaad poolq d1joIsAs 4gs suoieIARIqqY
's3uaned |[e 4o} JuawWIea.-350d pue Jolid awes a3 sem (%) 43, 3593 HUe.-paudis UOXOD|IA, SIION

0'59-0'SS 0'59-0'SS 0'59-0'SS 0'59-0'SS 0'59-0'SS 0'59-0'SS Xe|-Ully
009-0'09 009-009 009-5LS 009-5°LS 009-0'09 009-009 | S£0-S7O
09 09 09 09 09 09 uelpaly
(67 909 (60 909 L9 16 (L9 168 (67 €09 (60 €09 | (as) ues
qVIN b ] qVIN 9l 9l qVIN 0L 0L N (%) ww 43
0001-0°'59 0'56—0'SL 0'56-0'59 0'56-0'89 0001-0°'59 0'56-0'89 Xe|-Ully
006-0'SL 006008 006-S'LL 006-5LL 006-0'SL 006-008 | S,£O-STO
8 8 8 8 8 8 uelpaly
(68) L+8 (59) £°58 (86) €8 (08) 978 (1'6) ¥'+8 (69) 9%8 | (as) uesly
S6+°0 S ¥S 6590 9l 9l LTL0 oL oL N 1e4 Bs|ng
0'56-0'0L 006-009 0001-00Z 0°001-009 0001-00Z 0°001-0'09 Xe|-Ully
006008 006-008 006-S'LL 006-0'SL 006008 006-008 | SLO-STO
8 06 08 06 8 06 uelpaly
#9) ¥'€8 (0'8) ¥+8 (1'6) 1'€8 (sT1) 1'¢8 (1'2) ¥€8 (1'6) 148 | (Qs) ueey
9T¥'0 ] ¥S 666°0< 9l 91 9790 0L 0L N | (BHww) 4aa
0091-0T11 00 1-0°011 0091-0°€T1 0°0r1-0°011 0091-0T1 1 0°0¥1-001 1 Xe|-ully
0S¥ 1-0°0€1 0°0¥1-0°0ZI 0°0¥1-0°STI 0°0£1-0°0ZI 0S¥ 1-0°0€1 0'SEI-00Z1 | SLO-STO
el o€l SYEl o€l sel o€l ueipaly
(eT1) £9€1 (Te) €611 (€11) £s€1 (06) €921 (0z1) 579¢1 (ze) 98T1 | (as) vesy
100°0> S ¥S 1000> 9l 9l 100°0> oL oL N [ @Hww) 4gs
2nfea-d [ juswyead) 3sod | juswiead) Jold | onfea-d | juswiesd) 3sod | juswigead] Jolid | onjea-d | juswzesd] 3sod | juswiesd) Jold

(¥S=N) xX01ax

(91=N) xX04104

0L =N :uonejndod |[e4ar0

1404oD) Juawiead] Aq pue uonejndod |[edeAQ ays ul Adessyrowsyd) Ja1)y pue alojag (uondel uonda(g pue ey as|nd 4g9q dds) susis |euA T dlqeL

1179

submit your manuscript

Cancer Management and Research 2020:12

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Visvikis et al

¥1-90 TI-L0 £1-80 1'1-9°0 ¥1-90 T1-90 Xe|-ully
01-80 0'1-60 0'1-60 01-60 0'1-80 0'1-60 5L0-570
60 | 60 60 60 60 uelpaly
(o) 60 (o) 01 (o) ol (o) 60 (o) 60 (o) 60 (@s) uesy
2170 ¥S b 1€0°0 91 9l 12610 0L 0L N (p/Bw) 1D
0'9€€-0'201 0'SH—070S| 0'681-0'701 0'€LE-0'T6] 0'9€€-0201 0'SH—00S1 Xe|-UIN
0%07-0'8CI 0'10€-0'97C 0 1L1-0111 0'LLT-0'SET 0'681-0'8CI 0'6LT-0'LTT 5L0-570
S'291 YrT 14 0SCT 91 6vT ueipa)y
(TL9) €€L1 (TeL) s¥9T (1'60) 1'L1 (£1¥) 8'65T (1€s) €491 (1'29) §29t (@s) uesy
1000> ¥S ] 100°0> 9l 91 1000> 0L 0L N (M,01) ud
€91-001 961-8'6 0°£1-501 091-86 0'L1-00l 091-86 Xe|-UIN
9EI=L 11 I'E1=611 I'P1-611 8E€I=S11 6€I-811 £EI-811 $20-570
9Tl vl 8l (4 9Tl vl uelpaly
(s 2l (€9l (1) oel s (CHVE:x4| @19t (@s) uesy
€0 ] 6] €100 9l 9l w00 oL 0L N (P/3) qH
09-1'1 09-8'1 09-1T 65T 09-1'l 09-8'1 Xe-UIN
TSt et SH8€ 6v—0¥ VY81 L€ 5LO-510
L€ 6'€ [44 (A4 6'€ (44 uelpaly
W) s¢ o1 o onzey (60) €¥ (€1 Le (oo (as) uesy
¥00°0 ¥s b 6¥L0 9l 9l 9000 0L oL N | (/01) siydonnaN
0S50l 0501 0501 S0l 0S50l 0501 Xe|N-ully
0€-01 8€-01 00T 0€-0T 0€-01 0€-0T 5LO-570
4 ST 4 4 4 14 uelpaly
@+ €9t 1) 8t (N9t T st @n ot (@s) ueay
€150 ¥S bS 1990 91 9l 80 0L 0L N (1/3w) d¥d
081-0T 00T-0€ 091-0T 091-0€ 081-0C 002-0€ Xe|-UIN
0€I-0'6 0S1-0'L SEI-0'L 0¥I-5'S 0€I-0'6 0s1-0'L 5L0-570
I I 4 I 4 I uelpaly
(o%) L01 S¥) 11 (09) €0l Wv) €01 @v) 901 ) 101 (@s) uesy
920 ¥S ¥S 87L0 9l 9l €20 0L 0L N (4y/ww) ¥s3
juswjyead| juswjead | juswjead) juswjyead| juswjyead| juswjead)
2onfeaA-d jsod Joud | onpea-d jsod Joud | onpep-d Jsod dolid

(¥S=N) x013aX

(91=N) xo04104

0L =N :uonejndod |[e49A0

Adesayaowayd 493y pue aJojeg sialdweled AJ0jeloqe] diseg PUB SIUSWSINSES| dIWeUAPOWSH § d|qel

Cancer Management and Research 2020:12

submit your manuscript

1180

Dove


http://www.dovepress.com
http://www.dovepress.com

Visvikis et al

Dove

(ponunuod)

091-0'1 01601 0870l 0870’1 070’ XE|-UI
01101 011-0°€ STI-0F 011-0¢ 0TI-0'€ 510-570
Sy S's I S 9 uelpaly
(8%) v'9 (09 72 (€8) 66 (69 7L (£9) 18 (@s) ueay
6L0°0 ¥S ¥ SH'0 9l 91 8500 0L 0L N Qw/n) 61ed
0€I=L0 0SI-L0 9yl ¥$0l 0€I=L0 0'SI1-L0 Xe|-UI
Xad 8Tl 8¢9 XAl 0€-S'I 0e-Tl 510-570
z 4 ST ST 4 4 uelpaly
(€D ¥t (LD 9t @n ot (s oeg (10 s¢ (s 11 (@s) uesy
S0E0 ¥ ¥ ¥01°0 | 9l 8L0°0 0L 0L N (w/3u) vad
0'8£70'I€ 0°£6—0°0T 0'86—0°0C 0'96-0°0C 0'8£7-00C 0'£6—0°0T Xe|-UIN
0¥6-0'6S 006-0'SS 0'98-5'6% 0'€8-0h¥ 0'16-0'9S 0'58-0'S $LO-S10
SIL 89 8 SLS 69 ¥9 uelpaly
(€2) 612 (#07) 889 (970 6'€9 (970 919 (8°08) LvL 019 TL9 (@s) uesy
€100 ¥S b wWoo 9l 9l €000 0L 0L N ) dv
009-07I 0'95-0TI 0'95-0| 0'95-07I 009-0CI 0'95-0CI XUl
081-0°S1 00Z-0'S1 S61-091 SESYI 081-0°S! 0TL0§1 $LO-S20
91 S91 L 6l 9l L ueIpaly
(so1) €0t (1re) 61 @i e (ozn gt (901) 50T (86) €0C (as) uesy
90b°0 bS ¥S 9640 9l 91 1€£°0 0L 0L N (/n) d1os
0Er011 067011 0'95-0CI 017-0CI 095011 067011 X|-UI
0'87-0'SI 061-0°S1 S61-0°SI 091-5¥1 0'€C-0'SI 081-0°SI 510-570
Ll 9l S91 Ssl L 9l uelpaly
(86) 07T (£€) 691 (6€N) 1'1T (AR (zon 81t #'€) 991 (@s) uesy
100°0> ¥S b €110 9l 9l 100°0> 0L 0L N (/n) 1095
TI=T0 0170 0'1-€0 T1-€0 TI=T0 TI-T0 Xe|-UI
01-90 60-€0 60-L0 6060 01-90 60+0 $20-570
60 S0 80 60 80 80 uelpaly
(€0) 80 (€0) 90 (zo) 80 (zo) 80 (€0) 80 (€0) 20 (@s) uesy
1000> ¥ b 7600 91 9l ¥00°0 0L 0L N (pAw) D1
006-0'1S 006—0%S 0'1£-0TS 0'59-0'SS 006—0°1S 006—0%S Xe|-UIN
0'89-0'65 0'59-0'65 S'19-0'SS S19-0'LS 0'89-0'6S 0'59-0'65 $L0-570
9 4 6S 509 19 4} uelpaly
(€6) 149 (€6) 6€9 (99) €65 (€7¢) £'6S (8'8) 0°€9 (s'8) 679 (as) uesy
£0S0 ¥S ¥ €180 9l 9l 1¥9°0 0L 0L N (4 124D

1181

submit your manuscript

Cancer Management and Research 2020:12

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

"9seujwesues) dIANJIAd d1weIn|d wnuss ‘| 4oS d1392'0[BX0-DIWEIN|E WNISS | ODS {0493S9|0Yd 2303 ‘D] ‘AAA [BIPBI-POIRD U-DAAAD ‘AAAd [BIOWS)-PIIOIRD 4-DAAA ‘A31D0J9A aAeM as|nd AAA 39[93e|d 9d ‘uiqojSoway
‘qQH ‘97eJ UONEBIUSWIPIS-1AD0IYIAID YST ‘UIsr0ad 9ANDEBRI-D) dYD ‘@IUBIEDD 4D ‘[DJD Buluneatd 4 ‘usdinue dluokiquisounded ‘3D ‘asereydsoyd sulede Jy {(P1d9.40d-9384 1IBSY) X9pUl UonEIUSWSNE ‘G/X|Y SUOIIBIASIGQY

"3591 H|URJ-PAUBIS UOXOD|IAA, (930N

Visvikis et al

0 1€-S¥I 6175l 0TE-9°S1 9175l 0TE-SYI 617-STI Xe|-Ully
9'€7-0'8l 6L1-8VI TST08l £61-8%I 9'€7-08l 6L1-8¥1 SLO-STO
€1t 691 vt €91 €1t 691 uelpaly
(£¢) 80T (10 £91 (#s) ¥TT (87 01 @y Tit (€D £91 (as) ues|y
100°0> ¥S ¥S 100°0> 9l 9l 100°0> 0L 0L Hdu (%) 5L x1v
S6-5L 8'8—€9 T6S'L T8€9 S6-SL 8'8-€9 Xe|-ully
9'8-0'8 08-CL 88-8L 1'8-1'L 9808 08-TL SLO-STO
£8 S‘L ¥'8 €' €8 Sz uelpaly
(s0) €8 (90) 92 (90) ¥'8 (90) ¥'£ (50) €8 (90) 92 (@s) uesy
100°0> ¥S ¥S 100°0> 9l 9l 1000> 0L oL u (s/w) J-5AMd
901-0'L 1'8-T°9 76769 $'8-69 901-6'9 $8-T9 Xe|-ully
6881 8L-L9 9'8-5'L 9L-1'L 68-8L 9'/[~69 SLO-STO
'8 UL S8 TL 8 [ ueipaly
(80) €8 (90) T2 (£0) T8 o) ¥ (80) €8 (s0) T2 (as) uesy
100°0> ] ¥S 2000 9l 9l 100°0> 0L 0L My (s/w) 4-5AMd
juswyead] juswiyead] juswjead] juswyead) juswyead) juswjead]
2nfea-d 3sod Joud | onpea-d 3sod Joud | onea-d 3sod Jolad
(rS=N) x013X (91=N) x04104 0L =N :uone|ndod |[e49A0

"(panunuo)) € ajqeL

Cancer Management and Research 2020:12

submit your manuscript

1182

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Visvikis et al

- " P<0,001 |

AIX 75 (%)

I

]
AIX 75 (post)

|
AIX 75 (pre)

Figure | Distribution of AIX 75 (%) values pre- and post-chemotherapy.
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Figure 2 Distribution of PWVc-r (m/s) values pre- and post-chemotherapy.

chemotherapy). This could be explained by acutely induced
endothelial dysfunction, increase in the smooth muscle tone,
vasospasm, reduced NO synthesis which is in line with
previous studies in metastatic malignancies and anthracy-
cline chemotherapy.'*'* Similarly Aix, which is an indirect
measurement of arterial stiffness, was higher post-
chemotherapy irrespectively of HR and baseline Aix values.
Al is a composite measure which is known to be largely
affected by age, gender, height and heart rate.'>'® In our
study, there was a clear burden post-chemotherapy in Al
irrespectively of these cofounders which in turn points that
malignancy itself and chemotherapy used can alter central
hemodynamics in these patients. The rise in SBP noted post-

chemotherapy as well as acute vasoconstriction caused by the

10
1
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2
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Figure 3 Distribution of PWVc-f values (m/s) pre- and post-chemotherapy.

chemotherapy regimen could possibly account for the rise in
Aix75 values. This acute vascular toxicity noted could also
be attributed to increased platelet-endothelial cell adhesion,
enhanced procoagulant activity of macrophages, impaired
protein C anticoagulant pathway and activation of tissue
factor which all can potentially result in microthrombi for-
mation and compromised blood flow, mechanisms that are
common In malignancies.'”'®

In our study, there was no difference noted in PWV and
AIX change post-chemotherapy between FOLFOX and
XELOX chemotherapy group.

FOLFOX cardiotoxicity has been mainly attributed to
5-FU infusion and its metabolites which is known to cause
coronary vasospasm as well as direct cardiotoxicity on the
myocytes and endothelial damage. The usual clinical pre-
sentation is that of angina during the infusion with codo-
minant ECG changes. In our study, none of the 16 patients
experienced angina and EF remained stable post-
chemotherapy. However, the increase in arterial stiffness
indices noted could be attributed to SFU toxicity induced
by endothelial damage and platelet and fibrin accumula-
tion with increased thrombus formation which are experi-
mentally linked to 5-FU.'” 2! Additionally, the generation
of metabolites of 5-FU is also known to serve as another
mediator of cardiotoxicity.?*

XELOX cardiotoxicity has mainly been attributed to
capecitabine which is an oral prodrug of 5-fluorouracil.
Even though capecitabine is considered an alternative to

S5FU and its adverse effects still there are case reports of
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cardiovascular implication through coronary spasm,
arrhythmias and acute cardiomyopathy. In our study popu-
lation, none of the 54 patients who received XELOX
experience any such adverse effects. However, the rise in
the arterial stiffness markers could possibly be explained
by the same mechanisms as 5-FU infusion.

The present study is prospective however its main
limitation is the small number of participants. The lack
of control group in obviously unethical still though
a limitation. Further larger studies should be contacted in
order to reproduce our results, therefore allow a safe gen-
eralization. Additionally, patients follow-up was after the
termination of the chemotherapy. However, to assess the
possible reversibility of the arterial stiffness increase seen
in these patients, further measurement should have been
contacted at least 6 months to a year post-chemotherapy.
This could be a point of future analysis.

In conclusion, assessment of Aix and PWV and mon-
itoring of cardiovascular risk factors in patients under
adjuvant chemotherapy for non-metastatic colorectal can-
cer can identify asymptomatic patients with increase car-
diovascular burden, possibly induced by chemotherapy,
and therefore justify a closer monitor during and after
chemotherapy. However, larger cohort studies with
a more prolonged follow up should be conducted in

order to strengthen the initial hypothesis.
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