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ARTICLE INFO Abstract
Background. Cardiotoxicity caused by fluoropyrimidines is an uncommon but

Article History: potentially fatal complication. Its frequency has been 1.6 to 19% in previous studies. But
Received: 21 Jan 2023 there are no accurate statistics in Iran. The aim of this study was to determine the rate of
Accepted: 13 Mar 2023 cardiac complications of 5-fluorouracil (5-FU) infusion.
ePublished: 15 Oct 2023 Methods. This prospective study was conducted in patients with gastrointestinal cancers
who underwent chemotherapy with regimens containing 24-hour infusion of 5-FU at
Keywords: Rohani Hospital of Babol. Patients with a history of radiation therapy to the chest or
e Fluorouracil epigastrium or suffering from COVID-19 disease in the last 6 weeks were excluded from
e Chemotherapy the study. Each patient was examined in 2 cycles of chemotherapy. In case of
e Neoplasms complications, cardiac examinations including examination, electrocardiogram,
e Cardiotoxicity echocardiography and if necessary, coronary angiography were done. Data analysis was
done with SPS26 software using descriptive indices and Fisher exact test
(significance<0.05).

Results. In sixty one patients, 122 courses of chemotherapy were evaluated. Underlying
cancer was colorectal cancer in 32 patients, stomach cancer in people. Eight patients
(13.11%) had cardiac complication, in eleven chemotherapy cycles, included 7 cases of
chest pain and one case of each of complications of myocardial infarction, pulmonary
edema and pericarditis. Four out of 8 patients suffered from complications only in the
first round, one only in the second round and three patients in both rounds of
chemotherapy (P=0.004).The incidence rate of complications in patients without a
history of heart disease was 8.7% and in patients with a history of heart disease
26.7%(P=0.073), in non-smokers 10% and in smokers 30%(P=0.084). It was 10.6% in
non-diabetic patients and 21.4% in diabetic patients (P=0.294).

Conclusion. Cardiac complications are common in 24-hour injection of 5-fluorouracil.
A patient who has a heart complication once, might have a higher probability of having
a complication in the next cycles.

Practical Implications. Due to the high prevalence of cardiac complications of 24-hour
floururacil infusion, especially in patients with a history of heart disease, careful cardiac
monitoring during hospitalization is recommended.
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Extended Abstract

Background

Cardiotoxicity caused by fluoropyrimidines is an
uncommon but potentially fatal complication.
Cardiotoxicity related to 5-Fluorouracyl (5-FU) has
been varied in previous studies from 1.6%, which is
uncommon, to 19%, which is considered common.
Chest pain, typical or atypical, without myocardial
infarction, is the most common complication and
coronary arteries vasospasm is the most common
mechanism, that has been reported. As our
knowledge, there are no exact statistics in Iran. The
aim of this study is to determine the frequency of
cardiac complications of 5-fu infusion and its
possible risk factors in gastrointestinal cancers in
Ayatollah Rouhani teaching Hospital of Babol,
Mazandaran province, Iran.

Methods

The cross-sectional prospective study was
conducted on hospitalized patients suffering from
gastrointestinal cancers in Ayatollah Rouhani
teaching Hospital of Babol from February 2022 to
September 2022. Patients were treated with a
combination of chemotherapy containing 5-FU and
oxaliplatin (FOLFOX) or 5-FU and irinotecan
(FOLFIRI) or 5-FU and docetaxel and oxaliplatin
(FLOT) regimens that containing 24-48 hours
infusion of 5-FU. Most cases of FLOT regimen were
modified by 48 hours infusion of 5-FU instead of 24
hours infusion. Gastrointestinal cancers include
adenocarcinoma of esophagus, stomach, pancreas
and colon. Patients who had a history of
radiotherapy to the chest or epigastric area or had
not received second chemotherapy cycle after first
cycle, due to a reason other than cardiac
complication, were excluded from the study. Also
due to possible thrombogenic effects of COVID-19
disease in previous studies, the patients who had a
history of this disease during the six weeks before
chemotherapy were excluded from the study. Each
patient was evaluated in 2 chemotherapy cycles. The
patients were evaluated in the first to a maximum of
fifth cycle of chemotherapy, for the first and second
rounds of the study. In case of probable cardiac
complications, heart investigations including

physical examination, electrocardiogram, laboratory
tests and echocardiography and if necessary
coronary angiographies were performed. The data
was analyzed by Spss v26 software with descriptive
indices including frequency, mean and standard
deviation, Chi-square and fisher exact tests.

Results

During seven months that this study was
conducted, sixty one patients were evaluated during
122 cycles of chemotherapy, of which 36 persons
(59%) were men and 25 (41%) were women. The age
range of patients was between 35 and 84 years. Mean
age of the patients was 61.42 years. Underlying
cancer was colorectal in 32(52.5%) patients, stomach
cancer in 24(39.3%) patients, pancreatic in 4(4.9%)
patients and esophageal in 2(3.3%) patients. In terms
of underlying diseases of coronary arteries, 14(22%)
people had diabetes, 22(36%) had hypertension,
14(24.6%) patients had a history of cardiovascular
disease, 7 (11.5%) patients had hyperlipidemia and
10 (16.4%) people were smokers. Eight patients
(13.11%) had cardiac complications on eleven cycles,
including 7 cases of chest pain, one case of
myocardial infarction, one case of bradycardia, one
case of acute pulmonary edema and one case of
pericarditis. Six (75%) of eight patients had
developed cardiac complication in first cycle of
chemotherapy. Four out of eight patients had cardiac
complications only in the first round of the study,
one only in the second round and three patients in
both rounds (P=0.004). The rate of complications
was 8.7% in patients without a history of heart
disease and 26.7% in patients with a history of heart
disease (P=0.073), was 10% in non-smokers and 30%
in smokers (P=0.084), 10.6% in non-diabetic people
and 21.4% in diabetic people (P=0.294). Frequency
of cardiotoxicity in the recipients of FOLFOX
regimen was 15.6% and of FOLFIRI regimen was
16.7% and of FLOT regimen was zero (P=0.404), in
the recipients of the first cycle of chemotherapy was
17% and in the other cycles was 6.45% (P=0.241).
Comparison of different doses of 5-FU on frequency
of cardiac complication did not show statistically
significant difference. Three (15.8%) out of 16
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patients with equal or less than 55 years old and five
(12%) out of 37 patients with more than 55 years old
had cardiac complications (P=0.677). Also, five
(12%) of male patients and three (14%) of female
patients had complication (P=0.83).

Conclusion

According to the results of this study, the
frequency of heart complications in gastrointestinal
cancer patients receiving 24-hour infusion of 5-
Fluorouracil based chemotherapy regimen is
common (13.11%) in our center and chest pain
without myocardial infarction is the most common
complication. The patients who did not suffer from

cardiac complications in the first cycle of
chemotherapy are less likely to develop cardiac
complication in the next cycles. The patients who
developed cardiac complications in one cycle of 5-
FU based chemotherapy are more likely to develop
cardiac complications in the subsequent cycles and
need close cardiac monitoring. Probably cardiac
complication is higher in patients who have a history
of heart disease or are smokers, but age and gender
of the patients, the other risk factors of coronary
heart disease and the type of 5-FU based
chemotherapy regimen do not affect the frequency of
heart complications.

Med ] Tabriz Uni Med Sciences. 2023;45(5) | 132



L H(Q) RO FoY & 9)5T )J)uu.iw/u/o}[&: olLiils U_Lu).J o ul)le.\.m 9 CL\J ng

ale doi: 10.34172/mj.2023.044 S
O https://mj.tbzmed.ac.ir y
ps://mj { "
FEH, "
DY o

Jely999,9l8_0 s9yls wicl YF j93 oaiuSedlys hlaw 33 8 (25l9 lime’

5%l L I8 e T ygy (8 dummo ¢ M gamel (bed dass T Bolo LSy o 2L 3gls shlaas

Sl ol < b (S osle olSLasls cpomisls i €5.a'

Sl o bl ol S ol oSLasls ooy el il il lidos dmings 2olg"
Sl ol o b (S5 ol oSl oS 03l (56 5 o 05,57

Sl ol o b (S ol oSl oSy 035l (J1s 095"

el el el Sy pole oLl oSty oSl scaoduo 03 dmrg

odS>

lallbo ;3 o Glohducsl 00148 osall Lol glih asyle o o pirassmgysld 3l bl olb oo -disoj
o8 Uaylae e s delllhao pl Bam .3yl8 392 oyl 43 5885 JloT Lol .ol 039y 3oy 5 V/5 L8
sl Jaeolyglygiold-0 (925991

Sloand wod bl Glogy gliulen 45 GinlsS layusls 4 Mise ohles 53 5SosT dsllbe gl 5 gy
b o 4B @ lysgasly dibls b hlewy -3 plol i8S 38 5-FU el YF (yopjssil sol> slopasy b
Sloydsead 0593 ¥ 30 slaw 3o . wab 2yl dellae | dwndS wan £ 513 19 wgsS (glew @ Ml b yuolS ol
pos) iz 35 5 SSenlSsS] 8 g ilee Jolis G Glaguyy wale jex wyge 33 b Gy
3l eslaiwl b g Y& ass SPSS li8loy dhiwg @ wledbl Julos g wanogs i plil 5ig)S §9se (SySoa3l
wedpdy plodl iaS g of 0 (gl b 55 id 385 5ol el 9 Garogd lapaslis

5 JUSy91sS 3uuslS cslaw YV 53 ltiey olbosms o sy 32 Slosdsaud 039 WY yla So g cuads 4> loaidly
S a8 ddsle lod (VM) Slow caie dlass (Sloydseuid 0393 633b 33 .39 om0 wuilS ¢85 YF 4o
9 3> oy p3l «glealy o0 ugSlal (Byloe 5l Sy 90 So g i dwdd 333 390 ¥ Jolid
Cagh 93 3 33 slaw duw g ey 50 i 185 Sy wegs ol 33 baiid sl A Sl slaw slaz el 03g oSy
29300 MY B (gylay il (yoy hlew 33 (lse S93 lise (P=o/ooF) Biads (Blse sld Gloydends
2oy Vo g8 3y8l 13 g oy Vo oy Bmpse flylow 33 «(P=o/oY¥) uoys YEIY 8 (gjlow disleo b (ylylow

M)LC )l>3 )l’kSJ 456)LA-U .l &)Lu LJ‘“”')B‘)SSS’lQ_a (59)‘3 diclw YF 6_‘))_’ 39 @19 Uo)|9_c 'L;)"f‘ S
; s gams glodSiw 35 wdyle o ly gy Jlais] g 18

el 03ds )5S (P=o/YAF) oy YV/F ol 33l 43 g duoyd Yo/ by (hilow 33 «(P=o/A¥)

dlio wledbl

:lio ddslw

Ve /o) sl
VEANYIYY 2oyl
VEY/YIVY oy Ll

ojlg oS
Fluorouracil e
Sloydonis @
ooy o

8 2loe @

g0 A &S cowl diow dwad 330 ‘U,J.Q u.\mu).mlb) ug);&;lm
g0 sl 3)5se (gl wile g339)S sl glagyiw o
Ogeded Jolis Gl cpaw gili oS whalls ple
b 03 9 conlSare dogaiyl sle g (AF) gulod
"Vaeso (pienngold (b cuowicwl She s g 8

doddo
&l Gl Gesd sl pregw (FU-0) Jauwlisleyslé-0
9 0> 9w slagbyw Wil ngi slagasy gloy
3 am FU-0 Mewl ol ywlwe 330 (oyleS oKiws
oS coow oaiS sl gils 5oyld (regd o dSobolyiT

3 Badaenngysld b bire 8 caow Sy olise ewl
Tl sad il aoy B Yl walie wilellae

mvakili89@gmail.com : Jiool ¢ Jodume saimg *

(http://creativecommons.org/licenses/by/4.0) CC BY 4.0 310lS gy jgme0 s 5005 Sty pgle olasly bawgs ST uoyians b dllio ol sl Lgamo a0 sly @b g
il 03 0315 Elonyl g dliiwl pitie g6 4 ol 43l @ dS ! e iygo 53 i eolais] dgSym o dlao Gab 45 e yitiine


https://doi.org/10.34172/mj.2023.044
http://creativecommons.org/licenses/by/4.0
https://orcid.org/0000-0001-8799-3778
https://orcid.org/0000-0002-4415-6221
https://orcid.org/0000-0003-4933-8240
https://orcid.org/0000-0001-6224-5036
https://orcid.org/0000-0003-0517-2429

Ul)liub 9 EL\J 39\)

pan cog ¥l B Jol cogs 33 ohlew ab dellhoe 3)lg
Jolis iyleS sloplbyw ads asllae 3yl FU-O wdlys
ol Gloyd et @iy 25592 09195 9 ek oo plbyw
L FU-O oSy (FOLFOX) 3 JIST b FU-0 uSys
9 oMIEST L FU-O oSy b (FOLFIRD) 4SSyl
-0 Gloyd ords @3y €9 @ diw g (FLOT) JuSbuwgd
2 ylge sty b (ool caelw FA L YE (b Jalislgysld
celw FA (b 33 celw YF gl 4 FU-O @35 FLOT o)y
P ohlow plos o Guyp Gu3s b Y 30 slow 5o b el
B paaxio bugi (Gloppesd £9yd 3l S8 sl
S Ghlow b 03l T & Sloydsanis ozl o wad iy
oS Gl g 3l yiulS ol 9t 4wd @ (gl dile
e aellao jl 00,5 Sy daslllao b paogd 4o wde yo @
Slow Sigegy Jlisl wll cde ¢ puxen o
lw 5 Shlow "Gé wlellas y3 (COVID-19) Ya-a3955
31 aals Iy Gloydseumd 31 Ja8 dian £ 43 gslow ¢l 4 £dl
o dugs Aol iy 33 (hlaw wledbl .wadi z4l5 aellhe
SblSges wledbl Jolis 9w gyolgen e bawgs
Vb elad BMI weobs Jio) Sgye 8 gylaw s> Joloe
Dg ol dale £o g Gloppend iy lbyw £ g
olislan 33 FU-O gagg «dlys o b e o Glhlaw
G o (S5 et 4wt 333 Jio (Bgye ald pidle ylz
WJlo 23 Jolis 8 glauwy e D5ab Sy Gy g 8
39 E1S0 ST sy Giwlail «edd g (b wipleo
Goye Bl « 8 aasie auwsis (wlul 3 o3l 3lse
doxd SPSS 5l38legs 3 50lgen 3l g losly aid)S y1\8 yig,S
5 0xSho woyd (Slold lel slagasli b g b g Y8
siad 38> s b glel blgy g oads brogs jlme Syl

o 3BT

laasdly
Jlesl 5l a2y 5 auaS Job ole win wae ¢ asllho
B YO G diols .25 sy slows £V izs> 9 999 slaslins
¥5 wolams ol 51 oog Jlo SVEY £ WYe (:Silo b Jlo AF
olbsw B39 () (eyd FY) 385 YO g dy0 (woyd O3) slow
YE 33 g JSi9lsS oo (duoys OY/0) slaw Y 4o ldie;
385 VP liuo (gylow 415 51 .09 samo by (duoyd VA/W) 4as
Slidys b Mino (auoyd ¥F) 485 VY ccobd @ Mio (duoyd YY)
VIF) 335 Vo g B g )low dilo (auoyd YF/P) 435 VO (95

W e g o5 bawgio (loj @350 &5 ugmd dsz ool 5
Dlgise Al o 4281 il (gl £ gy 3l uy uclus
Slom 3o Y BV L gio b gsgesl Job 5o Gloj s 3
ol craw Jodue goasio glapuwslSe”. sy &y ool
s 5 oS oo lain! puslSo 53 s FU-O
(oSl Sl gl 598 4l SO e 3) g pudiune
Sl b Jawloloyslé=0 (ruizmon Ml 1ig)S 3gse ol
350 Jolho pudiine Cowol el Blgis0 guilaumsS] oyisl
S Ghlaw 3 8 coaw jhe Jolse Sl 30 Mags
el oo dimlis JolS yobay S e Gyao padsenmgold
el 030l Cuwd L lecml.&.o wilelas )l )bp Jols: Q>
o Sldiuwslgs wlellhe yiST.0y05 3929 (dblio ol 43|
e Glis 8 caons gly Jaio sz Jole So plsie 40y
o @iles wilo Glioy o gylowy < Wlosls olas Lol
B glisle glaw b 3lse (ugiilal (8 SoSuul
1S 35 ot sy S sl Lo FU-0 capanns b wlgi e
Oblew 3l 3oy3 VF g3 FU-0 b badye (8 e 3350 VYY
Blaz aopd VY S Ul o sl o8 gylaw L8 dile
e oS 3sisly Bgze A glan gl i s Jele S
395 asllbo 33 hlSen g Silz "o WT gl gaudS
Jriliy 8 SaaSnl )l ails 42,5 45 i8S ams
B4 Gy wedse plisl |y FU-O Sl ab eSwwl aayle
Sl JolS yobay Silgiy 8 gylow s> Jolse 929 duys08
0 3 S ol |y FU-0 8 Osllacl ol oylee
4uogd FU-0 (55l> pujy deldl (ol dyle £685 5l s wyzo
w3929 b (0l @iy Sepl Ko el ous
8 Uayloe ey 5 il wlelho o il bl s 7l
Oon Sam b Gaiss ol culply (dgame Jawliglgyold
9 Juwholoysls-0 diclw YF &y35 I8 ylse o Slghd
ww Jio e ol Jlesl slas Jeloge Gy pizen

Griw ohlow 3o 8 (gilow al )Li,u.u weobd (i
Pl bl Glogy dll ol plilans 53 GivlsS gy $his
R

I gy

sy @ Mo ohlow plos Sionl asllae ol b

091)9‘” 695 u’l"ﬁ ol LSL‘DﬁJ» u9b)° gz ‘5&»)‘9?

&J)ng (R LS)"‘“"? V¥o) Jbu)y).e.w l.: Y¥oo JL» L')A.e.})l ‘JJL\

0 oylas FO 0493 )J)uuﬁuy/oﬁlc o8y S aloeo [ \WF



ub&oﬁn 9 aLu ng

z20 ) oloss Joaz 43 sty wledbl .wog FOLFIRI @ify 43 yol> shdl 5l (xeys YY/A) 45 FO .3gr 6y (2oys

wcwolodds 48 Vo (FOLFOX Sloydend iy b ployd wod caelllao
b ploys s (wuoyd /A) 585 & g FLOT uiy b (auoy VE/¥)
oaid aellhao gloysio cune y hlow oy wledbl .Y Jgaz
Soyd N)Slgly® Loyt
Yy \¥ ol
Y7 Yy 09> lisd
"o \ e o8 B9y s> Jolge
\e/¥ Yo S Byao
Y¥/5 10 Bare B glaw il
v/ Y 630
wa/y YE 020 olbyw g9
\7A) A3 oohySSl
oY/ Y JSyelsS
YY/A FO FOLFOX
¥/ 2 FOLFIRI Slesd sonit puiy €95
\e/¥ Vo FLOT
Vs ) Woo
/Yy WY Voo Juwwlyglgygle-0 5i8Lys 599
) YO \YO. (39353 S keo)
VE/F ¥\ Yooo
v/ Y YYOo

Y J9J£> .(P:°/°°\C) KRV 6419 4.;0’)[5 )L’g.} )LJ 0209 33 hss | IR tR ) L,.JS M)LC )L?b Ay 03)'[,) 3 (M)J \V/\\))Ln.o

a2llao 09 9 Jol 4o 3 8 (ol dunlio ¥ Joz

*P-value (M)J) )'é M)‘S (.\o)b) 4.‘0’)[5 o9 uslc)b u.o.wa PQJ 0399
Hloyd o Jol 0y93
ofoo¥ (V)Y (AA)OY ke ygn
(FF¥) ¥ (oY) F s dyle

(fisher exact test ) yiud 3.8 s olwl p”

Vo 5y sue 8l 55 ddyle e pizmem g (48510 31 58
Ygaz ai Jeols auoyd Yo gy8uws 348l 43 g oy

-0 &3 Jol 452 33 Jlow YA (Gloyd o a2y WY

S 8 (Bylge o (uoys VW/YF) @&3y35 O 43 45 w3g FU
OBl 5l Sozue 45 g FU-O @335 099 452 33 slow Y5
Bdgy 32 4y pgus gladyz 13 385 OV a5 8 oyl sl
33 8 aylae o B dsyle Lo (uoys Vo/0) G35 5 oS

Slopand @333 £95 9 g w8 Glow dbls ¢339, by sk Jelse w1 FU-O gol> Glopdend e ghlow 33 ol (alee Slghe -V Josz

*P-value (303) s> adple 3l Slgld  Adyle g S8l gl o
(2oy3)
o/SYY (H\OIA) ¥ (LAFIY) Vs < Jkotdd o
AN (BN Y > Jl 00
o/ AY (%) 0 (AN ¥ dy0 o

WO O oylows FO a)ss)g)duﬂzy_g/o;lc ol&uily Ky dl=o



ul)lSAm 9 EL\J 39\)

(BVP) ¥ (BAS) YY 35
o/YaF (VADOIN (BA/F) FY b e by
(%YVE) W (BYME) N b
o/ FAF (%\O/F) (%AF/5) vy s=ub e ylad o5 lud
VAT (%90/9) Yo b yes kié
o/YYO (%VF/A) A (%AO/Y) F5 ob 09> oz 09> 2
o (%Voo) Y b o> 2z
of oYY (%AIY) ¢ (%0/¥) FY 48 slow o o8 sslow dislw
(VAZAAs (BYY/¥) 8 gylow ghyls
ofoA¥ (%)) O (%9) ¥ &y S Sypao
ADAS VADN &
R (B\0/5) Y (LAE/E) ¥A FOLFOX Sloyd oud a3 3 £99
(VALZA9N (%AY/Y) 0 FOLFIRI
o (%Yoo) Yo FLOT

S99 ‘obl 90 sL_gJ)lSGJ‘)g g0V (MI) 3)159,3.9 U.ug,S)Lm'
b slow cun JolS wleMbl .59 ooy 3590 Y g 2>
el OJAT ¥ O)LA.JJ dg.)_’?).) UJQ daé)l&

(fisher exact test ) yind 5.8 cws (bl 3
Ol 9 FU-O 59 o5 p gbolime wlds uizan
(P=o/$YN) s Jol> FU-O gold 51 b 8 (aylge

sl assle s il wledbl ¥ Jgaz

wyle g g o9 olosd sonid 2l ooy Syas dislw Wl g e @y
ilyiges (*389) (stage) KB Bglew S glew
L 4 33 bg¥ FOLFOX sa%0 + Jlo ¥ PCI aislus ORI Yy 350 )
(xS ko YYO) (Sbiawlio) Jis
FEVEIE S JECIRILRST ) FOLFOX JusSiglss - - - f 35 v
3Bl ©SM (AY)
Bl ) FOLFOX T + "PCI 450 ¥ Y e slas YO 30 v
(@S ke 1000) (Ssliasbic) 3l ™ICD
oM (S5 (s (S35 v FOLFIRI ey - . - \Ad 350 f
sl glalas (55 o 1000) BY)
058283 o dudB 333 Fso) FOLFOX JuSiglss - - ol OA o o
o (@5 o 1000) (AY) Ib e sl
o (S5 dipan dundB 3y 0s) FOLFOX JESyglss - - - OF o 4
(©SY) By)
Lo 4 3y ) FOLFOX 0ol e + VY oss “CABG - sy %) ¢
(05 ko YYO) NERM
oo v FOLFOX JtSyeles - - b Oo o3 A
() (BY)

Coronary artery bypass grafting #

il iglas Jlw OO x5 9 b o8l o Gl (B)lee
o8 Uslae & onin 33 oy 3 JISGLoY aslllas 3> g (P=o/5YY)
Jolto (8 i shs Jelge ol dallhe 4o Togs 5o
sox Slobd oy sl Yb wex uz 9 Yb pelad el
ol g i wlellhe 15 & wixals FU-0 5l Lab b olse
sop Lo asllhe yo ™as Job dmi (pen (5 Sizlen
B3 5o S B o Ghlaw 55 FU-0 3l il ol (aylse

Percutaneous coronary intervention*™*  FU-0 «ljg, 395 *

implantable cardioverter defibrillator ***
W Jasholassls o8 (orlse Slshd yolo dsllao 13

wlize wiellho 35 (Bylse ol joy Glohd o gliv 9 2oy
1 g " ooud Sl delllhe 13wy W B (galsb) uoys V/E
13 asyle ol Ml it (=) ST dsllae 15 Loy
09Y duw dwad 3y - dallhs (pl wiles - wlelao yidw
s dalle 0§ Jbb 3 Tog 8 sl aiSw sl
e lo dallas 55 M (S 6 $oly iyl gl

O oylas FO 0490 yyuﬁuy,cg[c oLy S dlo | VWS



ub&oﬁn 9 aLu ng

&u3 Jol ez 533 b ayyly 8 (glow able e )
deloe sl g puiz (o glagio Lol il yid wiiwe gl
@90 33 18 8 (ailee lise 6l B (glawy s>
3 ol oy Jlisl (@3 ool 3o I8 wsyle g985 pac

Dgdze pS e wleds

U:"‘))‘)é
Sl liwloy wliudss dewgs a2ly eyize (LSS

9 ue> Ui pyize OB g dlie ool ubais 33 SaS
S e 58 Glogy dl ol pliwslan (535lsSSl

ohglaey Sl
owdoin 4 wledbl giglges i gl ahao
a3 b Jalos Q3 (b agilamesnl (Bole LSy o
2o (5358 (Glgizo g I g Gy 9 38 g losly

cwod 9 (6)S8 lgizme g 3l puwgiuin Guyp 9 AB e
usls sage Iy boodls yuds b s g 5 JbT Lo I8

S gl
el 4l Jlo colas 43l oy

Lodls (g yado pwyians

Joeol coley Juds 4 aolllas ol 3o osis sloul glaosls
canlgzys g0 33 Lol ccwms pgas oy 33 Subi @S
eize Sl by yelansy 5l Joses

W] wllasie
el 034 el diloye g b 3y9T o phlew wledbl
8 Laloe Soy Slohd sy e b aebipbly 5l dlao o
bl "Jawlisloyold-0 (goyld oaisS wdlyd gy ghlaw 3
dixeS > IRMUBABOL.HRLREC.1400.177 §M>| oS b g oouis

el 0 Cogas bl (S psle olSasls @

&l oyl
siegh So Job> Sl ol oS wuSe edlel ghelay
Sos ol g lnplojlo b omdlio sl s g 039 Jiwo

Dyl

395 slolize glel 3B 51 o d9 gyBeme oblow 3l yidn
Vb digai ez b asllhe 1> dgy50 Jloisl (P=e/oA¥)
okd wlellas o 3gh Bis gyloliee pbw U iz dold
o5 sy eyl asdllas 13" 300 sl Jele plsic 4 Ko
aly 8 gylow dislw <5 Shlow 33 FU-O 3| Lab oJ8
4 Sp gilol Bl 3l g g dilo ol g ohlew 31 it
Shass il b wlgise po dis ool & cuwl (gylobine alaw
wlo (JSiloY wlelas 35 .39 slsline MolS ¢ suwy 3 3390 Syl
5 Lelse b Slohd b 5 gylew il Sillsn ol
5 o il i 5 ol lalllan ;3 Lol "Wog, olyen
- b delllao o MMcwnlas FU-0 5l ol (2ylge i p gy]
Sl pailee p I8 Glow dile s (GSamm Slgy
8 e 3 el 30 (FU-0 Slogs JS5) omlinnls
25y plo agllhe 1 Micwws Yge iy FU-O gyl
dive w8l el wlingl 9 FU-0 o> Sloydsanis
Py &5 W8S amis hlSew g gl> o9 oas S yle
e Joy el il pus 9 FU-O ol Gloyssanss
Slogyls a5 als s yols delllae gl Maghe S (Bylse
Jio Glopend wlize logosy 3 FU-O L olyes
5l 8 aylse 5oy e 2 6380 (gl 9 N IS
9o 31 b Bylse Gliae » FU-0 395 (izen (P=o/FoF)
Lo aglho ;3 "acael Ll cinws aelllao b o 3l 50
sz o933l s Gloydsend Jsl 4z 33 (oyloe Glghd
2oy FIF0 blae 3o Jol dyz 30 diyle auoyd 1Y) 3 a0
Jhasyle hlow 3o YO prizes (a2 @ 093 ladsyz 3
anllas 43 Bab wssle slzo sleydsemd gl 5o (K& §)
39 slsbimo ;S50 Gyb 51w Juols dowis e 35 ke
S 0 gl wyle kol g Giloyd e cog e bl
B3 ol 3 ol 8889 pac wygo 4o - B asyle Jloiol
b e o Shles Boe 33 sl yioS glebiotlo 5 sobey
o FU-0 L Gloydsend doldl wygo 33 S dyle sl=o
9 B Sigiioe wieils g 4zlge wyle 515 b sl Jleso!

A 835 (> s 4295

S A
2 8 lee o Sl wellhe (ol s @ azgi b
sl 2ol Lo 3550 33 Juwliolgyols=0 goyls dicl YF G55
S Ghlow 35 8 (aylse Sop ive sl Sae puizes

WY O oyloss FO ggayy"_,ﬁﬁ)g/o}lc olluils K dl=o



u])lSqub 9 EL\J 59\3

References

1.

10.

11.

12.

13.

14.

Myers CE. The pharmacology of the fluoropyrimidines.
Pharmacological reviews. 1981;33(1):1-5.

Grem JL. 5-Fluorouracil: forty-plus and still ticking. A review
of its preclinical and clinical development. Investigational new
drugs. 2000;18:299-313. doi: 10.1023/a:1006416410198

Anand AJ. Fluorouracil cardiotoxicity. Annals of
Pharmacotherapy. 1994 Mar;28(3):374-8.

Labianca R, Beretta G, Clerici M, Fraschini P, Luporini G.
Cardiac toxicity of 5-fluorouracil: a study on 1083 patients.
Tumori Journal. 1982;68(6):505-10. doi:
10.1177/030089168206800609

Akhtar SS, Salim KP, Bano ZA. Symptomatic cardiotoxicity
with high-dose 5-fluorouracil infusion: a prospective study.
Oncology. 1993;50(6):441-4. doi: 10.1159/000227226

Saif MW, Shah MM, Shah AR. Fluoropyrimidine-associated
cardiotoxicity: revisited. Expert opinion on drug safety.
2009;8(2):191-202. doi: 10.1517/14740330902733961

De Forni M, Malet-Martino MC, Jaillais P, Shubinski RE,
Bachaud JM, Lemaire L, et al. Cardiotoxicity of high-dose
continuous infusion fluorouracil: a prospective clinical study.
Journal of Clinical Oncology. 1992;10(11):1795-801. doi:
10.1200/jc0.1992.10.11.1795

Wacker A, Lersch C, Scherpinski U, Reindl L, Seyfarth M.
High incidence of angina pectoris in patients treated with 5-
fluorouracil. Oncology. 2003;65(2):108-12. doi:
10.1159/000072334

Jensen SA, Hasbak P, Mortensen J, Sarensen JB. Fluorouracil
induces myocardial ischemia with increases of plasma brain
natriuretic peptide and lactic acid but without dysfunction of
left ventricle. Journal of clinical oncology. 2010;28(36):5280-6.
doi: 10.1200/jc0.2009.27.3953

Peixoto P, Lansiaux A. Histone-deacetylases inhibitors: from
TSA to SAHA. Bulletin du cancer. 2006;93(1):27-36.

Tsibiribi P, Descotes J, Lombard-Bohas C, Barel C, Bui-Xuan
B, Belkhiria M, et al. Cardiotoxicity of 5-fluorouracil in 1350
patients with no prior history of heart disease. Bulletin du
cancer. 2006;93(3):10027-30. doi:
10.1191/0960327106ht6280a

Lestuzzi C, Vaccher E, Talamini R, Lleshi A, Meneguzzo N,
Viel E, et al. Effort myocardial ischemia during chemotherapy
with 5-fluorouracil: an underestimated risk. Annals of
oncology. 2014;25(5):1059-64. doi: 10.1093/annonc/mdu055
Meyer CC, Calis KA, Burke LB, Walawander CA, Grasela TH.
Symptomatic cardiotoxicity associated with 5-fluorouracil.
Pharmacotherapy: The Journal of Human Pharmacology and
Drug Therapy. 1997;17(4):729-36.

Shanmuganathan JW, Kragholm K, Tayal B, Polcwiartek C,
Poulsen L@, El-Galaly TC, et al. Risk for myocardial
infarction following 5-fluorouracil treatment in patients with

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

gastrointestinal cancer: a nationwide registry-based study.
Cardio Oncology. 2021;3(5):725-33. doi:
10.1016/j.jaccao.2021.11.001

Petty RD, Cassidy J. Novel fluoropyrimidines: improving the
efficacy and tolerability of cytotoxic therapy. Current Cancer
Drug Targets. 2004;4(2):191-204. doi:
10.2174/1568009043481533

S Sara JD, Kaur ], Khodadadi R, Rehman M, Lobo R,
Chakrabarti S, et al. 5-fluorouracil and cardiotoxicity: a
review. Therapeutic advances in medical oncology.
2018;10:1758835918780140. doi: 10.1177/1758835918780140
Luwaert R], Descamps O, Majois F, Chaudron JM, Beauduin
M. Coronary artery spasm induced by 5-fluorouracil.
European  heart  journal.  1991;12(3):468-70.  doi:
10.1093/oxfordjournals.eurheartj .a059919

Lamberti M, Porto S, Marra M, Zappavigna S, Grimaldi A,
Feola D, et al. 5-Fluorouracil induces apoptosis in rat
cardiocytes through intracellular oxidative stress. Journal of
Experimental & Clinical Cancer Research. 2012;31(1):1-8. doi:
10.1186/1756-9966-31-60

Jensen SA, Serensen JB. Risk factors and prevention of
cardiotoxicity induced by 5-fluorouracil or capecitabine.
Cancer chemotherapy and pharmacology. 2006;58:487-93.
doi: 10.1007/s00280-005-0178-1

Chong JH, Ghosh AK. Coronary artery vasospasm induced by
5-fluorouracil: proposed mechanisms, existing management
options and future directions. Interventional Cardiology
Review. 2019;14(2):89. doi: 10.15420/icr.2019.12

Eskilsson J, Albertsson M. Failure of preventing 5-fluorouracil
cardiotoxicity by prophylactic treatment with verapamil. Acta
Oncologica. 1990;29(8):1001-3. doi:
10.3109/02841869009091790

Khan MA, Masood N, Husain N, Ahmad B, Aziz T, Naeem A.
A retrospective study of cardiotoxicities induced by 5-
fluouracil (5-FU) and 5-FU based chemotherapy regimens in
Pakistani adult cancer patients at Shaukat Khanum Memorial
Cancer Hospital & Research Center. JPMA-Journal of the
Pakistan Medical Association. 2012;62(5):430.

Dyhl-Polk A, Vaage-Nilsen M, Schou M, Vistisen KK, Lund
CM, Kiimler T, et al. Incidence and risk markers of 5-
fluorouracil and capecitabine cardiotoxicity in patients with
colorectal cancer. Acta Oncologica. 2020;59(4):475-83. doi:
10.1080/0284186X.2019. 1711164

Meydan N, Kundak I, Yavuzsen T, Oztop I, Barutca S, Yilmaz
U, et al. Cardiotoxicity of de Gramont's regimen: incidence,
clinical characteristics and long-term follow-up. Japanese
journal of clinical oncology. 200535(5):265-70. doi:
10.1093/jjco/hyi071

O oylas FO 0490 y)uuﬁuy,cglc oy S dlxo | VWA


https://doi.org/10.1023/a:1006416410198
https://doi.org/10.1177/030089168206800609
https://doi.org/10.1159/000227226
https://doi.org/10.1517/14740330902733961
https://doi.org/10.1200/jco.1992.10.11.1795
https://doi.org/10.1159/000072334
https://doi.org/10.1200/jco.2009.27.3953
https://doi.org/10.1191/0960327106ht628oa
https://doi.org/10.1093/annonc/mdu055
https://doi.org/10.1016/j.jaccao.2021.11.001
https://doi.org/10.2174/1568009043481533
https://doi.org/10.1177/1758835918780140
https://doi.org/10.1093/oxfordjournals.eurheartj.a059919
https://doi.org/10.1093/oxfordjournals.eurheartj.a059919
https://doi.org/10.1186/1756-9966-31-60
https://doi.org/10.1007/s00280-005-0178-1
https://doi.org/10.15420/icr.2019.12
https://doi.org/10.3109/02841869009091790
https://doi.org/10.1093/jjco/hyi071

