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Abstract

Objectives: Chemotherapy-associated steatohepatitis (CASH) may increase the risk of cardiovascular, metabolic and
liver-related complications. This study aimed to evaluate the frequency and severity of CASH and possible related fac-
tors during adjuvant chemotherapy for colorectal cancer (CRC) non-invasively.

Methods: Patients scheduled for adjuvant CRC treatment (FOLFOX-4 or FUFA) were assigned to prospective cohort
(PC) or early (9-18 months) (ELT) and late (>18 months) long-term (LLT) follow-up and control groups (CG). PC was
evaluated at baseline, third and sixth months for changes in anthropometric measurements, hemogram, blood bio-
chemistry, inflammation markers, serum adipokine levels and hepatic steatosis by magnetic resonance spectroscopy
(HS-MRS). The results of ELT, LLT and CG were compared.

Results: Of 21 patients included in PC, 66.7% received FOLFOX-4 and 33.3% FUFA. Males constituted 57.1%. Median
age was 62.0 (48.0-77.0). Baseline characteristics were similar for both regimens. HS-MRS significantly increased at third
and sixth months compared to baseline (p=0.02). ELT, LLT ve CG included 10, 10, and 20 patients, respectively. Age,
gender distribution and anthropometric measurements were similar. HS-MRS tended to be higher in ELT (p=0.11).
Conclusion: Steatosis and CASH frequently develop during 5-fluorouracil and oxaliplatin treatment and may persist for
months. Hepatic MRS and biomarkers may allow for non-invasive diagnosis.
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hemotherapy-induced hepatotoxicity and/or exac-

erbation of pre-existing liver disease may lead to
impaired liver function during treatment with cytotoxic
drugs, targeted therapies, and immunotherapeutic drugs.
Liver function tests should be closely monitored during
treatment with these agents. Most hepatotoxic drug side
effects, which are idiosyncratic, dose-related and unpre-
dictable, occur viaimmunological or metabolic pathways.
M The resulting cell damage is usually manifested by in-
flammation and/or cholestasis. Various different drugs are
associated with specific histopathological changes in the
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liver as well. These changes are classified as non-alcoholic
fatty liver disease (NAFLD) and vascular lesions. Their in-
cidence varies according to the inciting agent, which in-
cludes anti-metabolites such as 5-FU and methotrexate,
platinum derivatives, L-asparaginase, glucocorticoids, iri-
notecan, etc.?¥ The presence of NAFLD increases the risk
of metabolic comorbidities including cardiovascular dis-
ease, cerebrovascular events and diabetes mellitus (DM),
and liver-related morbidity and mortality. Reversible im-
provement of these complications may take months after
discontinuation of treatment.”!
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NAFLD refers to the changes in liver as a result of fat accumula-
tion in hepatocytes and was first described as a histopatho-
logical entity in 1980.€! It is regarded as the reflection of insulin
resistance on liver and as part of the metabolic syndrome.” Its
prevalence, which has been reported as 6-11% in autopsy se-
ries in the general population, is parallel to the epidemiology
of obesity.® ! Obesity, type 2 DM, hypothyroidism, metabolic
syndrome, and many drugs and toxins can cause this condi-
tion." In its mildest form, which is macrovesicular steatosis,
fat accumulation in hepatocytes is histologically observed.
The most severe form is non-alcoholic steatohepatitis (NASH),
in which inflammation accompanies to fatty infiltration of the
liver.®® Progression to cirrhosis and hepatocellular carcinoma
have been reported in cases with NASH.[" 2 The first report of
chemotherapy-associated steatohepatitis (CASH) was made in
1990 after the observation of hepatosteatosis development in
areas of high drug perfusion in patients who received floxuri-
dine infusion through hepatic artery."

Chemotherapy-associated vascular lesions were first de-
scribed in 2004 in tumor-free liver tissues of patients who
underwent metastasectomy after neoadjuvant therapy for
liver metastasis.” These lesions form severe sinusoidal en-
largements that start in the centrilobular area and cause
congestion and bleeding. In more severe cases, hemor-
rhagic centrilobular necrosis, fibrosis-related occlusions
around the venules, and nodular regenerative hyperplasia
are observed.'¥ These lesions are generally referred to as
“veno-occlusive disease (VOD)” or “sinusoidal obstruction
syndrome (SOS)". VOD was first described in 1920 among
patients with a fatal poisoning after ingestion of pyrroli-
zidine alkaloids found in some plants.'™ It is rarely seen ex-
cept in the post-bone marrow transplantation period.!®'”
Nodular regenerative hyperplasia, which is another specific
vascular lesion type, may also lead to portal hypertension,
splenomegaly, and cholestasis.™®

Although liver biopsy is the golden standard in the evalua-
tion of most hepatic lesions, there is a search for alternative
non-invasive methods due to its difficulties. Conventional
imaging methods and liver function tests cannot differen-
tiate between simple steatosis and NASH. Liver magnetic
resonance imaging (MRI) methods are promising in this re-
gard. The combinations of various biochemical parameters
including liver function tests, specific metabolic features,
inflammatory markers and adipokine levels are being stud-
ied as indicators of hepatic damage.

This observational study aimed to determine the frequency
and severity of CASH during adjuvant chemotherapy for
colorectal cancer (CRC) by non-invasive methods including
various clinical and biochemical parameters and radiologi-
calimaging, and to evaluate the and possible risk factors for
the development of CASH.I'!
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Methods

The candidate patients were assigned and evaluated in two
main study groups including the prospective follow-up cohort
(PC) and the long-term follow-up group. The results of patients
in the long-term follow-up group were compared to a control
group (CG) of newly diagnosed CRC patients. The long-term
follow-up group was dichotomized according to the time
elapsed from the start of treatment into early (9-18 months)
(ELT) and late long-term follow-up groups (=18 months) (LLT).
Patients over 18 years of age and without gross residual he-
patic tumor, who were admitted to the medical oncology unit
between 01.10.2010 and 30.08.2011 to receive adjuvant treat-
ment after curative surgery for CRC and who gave informed
consent to participate in the study, were included in PC and
CG. CRC patients over 18 years of age and without gross re-
sidual hepatic tumor, who had started and completed one of
the investigated adjuvant chemotherapy regimens at least six
months before the date of inclusion and who gave informed
consent to participate in the study were included in ELT and
LLT. Patients who received or planned to receive treatment
with anti-VEGF and anti-EGFR agents (bevacizumab, cetux-
imab, etc.) were excluded. Patients included in PC were evalu-
ated for investigated parameters at the time of enroliment and
following third and sixth months. Patients in ELT, LLT and CG
did not have follow-up visits after being evaluated for the in-
vestigated parameters at the time of study entry.

Investigated adjuvant treatments included FOLFOX-4 and
FUFA regimens. FOLFOX-4 consisted of 85 mg/m? of oxalipla-
tin IV in 2 hours on day 1, folinic acid 200 mg/m? IV in 2 hours
on days 1 and 2, 400 mg/m? of 5-fluorouracil (5-FU) IV bolus
followed by 600 mg/m? 22 hours IV infusion on days 1 and 2
every 2 weeks. This scheme was administered for a total of
12 times (6 cycles). Two different schemes were available for
patients receiving FUFA. The majority of patients received
FUFA as 425 mg/m?” of 5-FU IV and 20 mg/m? of folinic acid
IV on days 1 to 5 every 28 days. This scheme was was admin-
istered for a total of 6 times (6 cycles). Few patients received
FUFA as 425 mg/m? of 5-FU IV and 20 mg/m? of folinic acid
IV once a week for a total of 24 weeks (6 cycles). In the third
month follow-up, 78.5% of patients receiving FOLFOX-4 and
85.7% of patients receiving FUFA completed their 3-cycle
treatment. At the sixth month follow-up, 92.9% of patients
receiving FOLFOX-4 and 85.7% of patients receiving FUFA
completed their 6-cycle treatment. All patients in ELT and LLT
had received 6 cycles of treatment.

Height, body weight, waist and hip circumference mea-
surements were made by the same investigator at baseline,
third and sixth month follow-up visits. Standard instru-
ments were used for height and body weight measure-
ments. Height and weight measurements were made while
looking forward in an upright position without shoes and
while clothed. Body mass index (BMI) was calculated ac-
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cording to the formula.”” Waist and hip circumferences
were measured according to the NHANES (National Health
and Nutrition Examination Survey) lll protocol.”” A waist
circumference of >102 cm in men and >88 cm in women, a
waist to hip circumference ratio of >0.9 in men and >0.85 in
women were accepted as an indicator of visceral obesity.??"

Vertical liver and spleen size and liver fat percentage were de-
termined by hepatic 1H-magnetic resonance spectroscopy
(MRS) at baseline, third and sixth month follow-up visits. MRI
device with 1.5 Tesla was used in MRS scans. In the localization
images, a 20x20x20mm voxel was placed in a region free of
major vessels and bile ducts (in segment 5-6 of the right lobe).
MRS images were obtained without water suppression by us-
ing the stimulated echo acquisition mode (STEAM) method
and the hepatic fat fraction was measured from the spectro-
scopic image. For the STEAM method, TR/TE: 2500 ms/10 ms,
BW: 2500 Hz, average: 2, readout points: 2048, shooting time:
20 sec were used and the shots were taken while holding a
single breath. A calculated lipid ratio of =5.0% was accepted
as the cut-off for significant hepatic steatosis. A vertical liver/
spleen size of >12.0 cm was accepted as the presence of hep-
ato/splenomegaly. All measurements and calculations were
performed blindly by the same radiologist.

Venous blood samples were obtained after at least eight hours
of fasting at baseline, third and sixth month follow-up visits.
Analyses of fasting blood glucose, serum total cholesterol,
LDL (low density lipoprotein), HDL (high density lipoprotein),
triglycerides, AST (aspartate aminotransferase), ALT (alanine
aminotransferase), ALP (alkaline phosphatase), GGT (gamma
glutamyl transpeptidase), total bilirubin, albumin, homocyste-
ine, calcium, magnesium, uric acid, ferritin, CRP (C reactive pro-
tein), complete blood count, HBsAg, anti-HBs, anti-HCV were
performed per general standards of practice immediately
after collection of appropriate blood samples. For the analy-
ses of serum leptin, adiponectin, resistin and plasma ghrelin
levels samples obtained by centrifugation of blood samples
at +4°C at 4000 rpm for 10 minutes were stored at -30°C until
the analysis. Serum adipokine levels were studied with com-
mercially available ELISA or EIA kits and in accordance with the
protocols recommended by the manufacturers. Serum sam-
ples were used for leptin, adiponectin and resistin tests, and
plasma samples were used for ghrelin. Leptin (sandwich) en-
zyme-linked immunosorbent assay (ELISA) (DRG Instruments
GmbH®, Germany), total human adiponectin ELISA (TECO
Medical Group®, Switzerland), human resistin platinum ELISA
(Bender MedSystems GmbH®, Austria) and human ghrelin en-
zyme immunoassay (EIA) (Phoenix Europe GmbH®, Germany)
commercial kits were used.

The study was approved by the institutional non-Invasive
clinical research ethics committee (decision number and
date: HEK11/18-28, February 3, 2011). The study was con-
ducted in accordance with the ethical standards of the

1964 Helsinki Declaration and its later amendments. Verbal
and written informed consents were obtained from all pa-
tients before inclusion in the study.

Descriptive statistics of categorical variables were given as
numbers and percentages. Normal distribution of numerical
variables was evaluated by visual (histograms and probability
graphs) and analytical methods (Kolmogorov-Smirnov and
Shapiro-Wilk tests). None of the investigated numerical vari-
ables were normally distributed. Descriptive statistics for all
numerical variables were calculated as the median (minimum
and maximum values). For nominal variables of dependent
samples, Cochran's Q test was used when comparing more
than two variables, and McNemar test was used for pairwise
comparisons. For ordinal and numerical variables, Friedman
test was used when more than two variables were compared,
and the Wilcoxon test was used for pairwise comparisons.
Chi-square or, where appropriate, Fisher's test were used for
nominal variables of independent samples. Kruskal-Wallis test
was used when comparing more than two variables for ordi-
nal and numerical variables, and the Mann-Whitney U test was
used for pairwise comparisons. A type 1 error of <5% was con-
sidered statistically significant in all analyses. Statistical pack-
age program SPSS® Statistics 25.0 (IBM Corp. released 2017.
Armonk, NY, USA) was used for all calculations.

Findings

PCincluded 21 patients with CRC in stage 2a (28.6%, n=6),
stage 2b (14.3%, n=3), stage 3b (42.9%, n=9) and stage 3c
(9.5%, n=3).Stage 4 disease was present only in one patient,
who had exclusively liver metastases and undergone total
metastasectomy before adjuvant chemotherapy. Neoad-
juvant chemoradiotherapy with 5-FU was administered to
two patients (9.5%) with stage 2a and 3b rectal cancer. Of
the patients, 14 (66.7%) were treated with FOLFOX-4 and
7 (33.3%) with FUFA regimen. Males constituted 57.1%
(n=12). Median age was 62.0 (48.0-77.0) (Table 1). Median

Table 1. Baseline characteristics of patients in the prospective
follow-up cohort

Gender, n (%)

Male 12 (57.1)

Female 9(42.9)
Age, median (minimum-maximum) 62 (48-77)
Metabolic syndrome, n (%) 12 (57.1)
Type 2 diabetes mellitus, n (%) 4(19.0)
Coronary artery disease, n (%) 4(19.0)
Smoking, n (%) 6 (28.6)
Alcohol, n (%) 4(19.0)
Chronic viral hepatitis, n (%) 2(9.5)
Chemotherapy regimen, n (%)

FOLFOX-4 14 (66.7)

FUFA 7 (33.3)

FOLFOX-4: folinic acid, 5-fluorouracil and oxaliplatin; FUFA: 5-fluorouracil
and folinic acid.



body weight and BMI at baseline was 73.0 kg (60.0-89.0)
and 27.0 kg/m?(22.3-35.4), respectively (Table 2). Obese or
overweight patients constituted 66.7%. The distribution of
baseline characteristics was similar among patients receiv-
ing FOLFOX-4 and FUFA. Metabolic syndrome was present
in 57.1% (n=12), type 2 DM in 19.1% (n=4), hypertension
in 23.8% (n=5), coronary artery disease (CAD) in 14.3%
(n=3) and hyperlipidemia in 28.6% (n=6) of the patients
(Table 1). History of smoking and regular alcohol intake
were present in 38.1% (n=8) and 14.3% (n=3), respectively
(Table 1). Two patients (9.5%) were serologically positive
for hepatitis C virus (HCV).
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Anthropometric measurements did not significantly
change between the follow-up visits of patients in PC
(Table 2). Hepatic steatosis measurement by MRS (HS-
MRS) increased significantly at the third and sixth month
visits compared to the baseline (p=0.02). Increases in se-
rum HDL, AST, total and direct bilirubin levels when com-
pared to baseline were statitistically significantly (p=0.002,
p=0.01, p=0.01 and p=0.007, respectively) (Table 2). Signifi-
cant decreases were observed in serum homocysteine and
platelet levels at the third and sixth month visits (p=0.008
and p=0.001, respectively). Serum adiponectin and resistin
levels decreased at third month visit when compared to

Table 2. Evaluation of changes observed in studied parameters of patients in the prospective follow-up cohort

Parameters Baseline 3" month 6" month p
median median median
(minimum-maximum) (minimum-maximum) (minimum-maximum)

BMI, kg/m? 27.0(22.3-35.4) 26.6 (21.2-36.2) 26.7 (22.3 - 38.5) 0.93
Waist circumference, cm 95.0 (87.0-115.0) 94.0 (84.0-114.0) 93.0(84.0-111.0) 0.20
Hip circumference, cm 96.5 (85.0 - 119.0) 97.5(85.0 - 118.0) 99.0 (82.0 - 124.0) 0.27
Waist/hip ratio 0.97 (0.88 - 1.09) 1.01 (0.85-1.12) 0.97 (0.80 - 1.15) 0.58
Fasting blood glucose, mg/dL 98.0 (79.0 - 169.0) 116.0 (85.0 — 309.0) 108.0 (71.0 — 306.0) 0.29
Serum total cholesterol, mg/dL 203.0 (127.0 - 385.0) 196.0 (133.0 — 247.0) 199.0 (170.0 - 305.0) 0.88
Serum LDL, mg/dL 124.0 (63.0 - 315.0) 114.0 (32.0 - 170.0) 124.0 (63.0 - 207.0) 0.26
Serum HDL, mg/dL 46.0 (26.0 — 74.0) 47.0 (24.0 - 86.0) 56.0 (41.0 - 93.0) 0.002
Serum triglycerides, mg/dL 136.5 (64.0 - 515.0) 159.5 (57.0 - 824.0) 160.0 (79.0 — 490.0) 0.91
Serum AST, U/L 17.0 (8.0 - 39.0) 27.0 (11.0 - 56.0) 25.5(11.0-79.0) 0.01
Serum ALT, U/L 15.0 (7.0 - 46.0) 17.0 (7.0 - 64.0) 17.5 (9.0 - 55.0) 0.17
Serum ALP, U/L 83.0(61.0 - 122.0) 96.0 (62.0 - 148.0) 104.5 (78.0 - 161.0) 0.07
Serum GGT, U/L 31.0(11.0-139.0) 34.0(10.0 - 103.0) 29.5(17.0-97.0) 0.65
Serum total bilirubin, mg/dL 0.36 (0.22 - 0.99) 0.46 (0.16 — 1.82) 0.44 (0.28 - 1.56) 0.01
Serum direct bilirubin, mg/dL 0.12 (0.01 - 0.36) 0.18 (0.09 - 0.90) 0.16 (0.11 - 0.61) 0.007
Serum albumin, g/dL 4.48 (2.89 -5.01) 4.28 (3.50 - 4.57) 4.21 (3.63 - 4.85) 0.20
Serum total calcium, mg/dL 9.90 (8.85 - 10.57) 9.56 (8.81 - 10.18) 9.55(8.98 - 10.32) 0.65
Serum magnesium, mg/dL 2.0(1.5-23) 20(1.1-23) 1.95 (1.31 -2.26) 0.26
Serum uric acid, mg/dL 5.0(2.9-8.5) 46 (3.6-8.4) 48 (3.4-7.6) 0.95
Serum CRP, mg/dL 0.68 (0.16 — 9.84) 0.40 (0.20-10.7) 0.34 (0.33 - 2.55) 0.59
Serum homocysteine, pmol/L 16.57 (12.21 - 22.38) 12.57 (9.18 — 20.24) 14.17 (8.66 — 22.08) 0.008
Serum ferritin, ng/mL 53.5(9.4-569.0) 81.1 (8.7 -735.0) 87.1(19.4-367.7) 0.10
Serum leptin, ng/mL 4.89 (0.79 - 30.87) 3.42(0.71 - 44.13) 5.54 (1.71 - 100.00) 0.56
Serum adiponectin, ug/mL 15.22 (2.29 - 76.16) 10.87 (2.23 - 90.89) 13.27 (5.97 - 100.00) 0.04
Serum resistin, ng/mL 156.57 (52.76 — 1047.50) 124.15 (33.24 - 668.38) 203.29 (55.96 - 672.68) 0.006
Serum ghrelin, ng/mL 8.88 (5.67 - 73.24) 9.55(8.12 - 65.95) 9.61 (7.60 - 27.03) 0.11
Hemoglobin, g/dL 12.8(9.4-15.1) 11.5(9.8-14.2) 12.3(10.1 - 14.6) 0.31
Leukocyte count, 10°/L 6.9 (4.0-12.7) 43(2.2-14.0) 4.95(24-16.7) 0.13
Platelet count, 10°/L 337.0(178.0 - 645.0) 195.0 (43.0 - 304.0) 180.0 (77.0 — 295.0) 0.001
Vertical liver size, cm 17.0(13.0-21.0) 16.7 (11.0-21.0) 16.7 (11.8-19.5) 0.43
Vertical spleen size, cm 11.0 (8.6 —13.3) 12.0(8.0-13.9) 12.0 (9.3 - 14.5) 0.10
Hepatic steatosis by MRS, % 3.0(20-7.0) 4.0 (2.0-15.0) 5.3(1.0-17.0) 0.02

BMI: body mass index; LDL: low density lipoprotein; HDL: high density lipoprotein; AST: aspartate aminotransferase; ALT: alanine aminotransferase; ALP:
alkaline phosphatase; GGT: gamma glutamyl transpeptidase; CRP: C reactive protein; MRS: magnetic resonance spectroscopy.
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baseline and increased again at sixth month visit (p=0.04
and p=0.006, respectively). Changes observed in other pa-
rameters were not significant (Table 2).

The frequency of having a serum AST level of >25 U/L at
third and sixth month visits, and an ALP level of >100 U/L
at sixth month visit were significantly higher among PC
patients who were scheduled for FOLFOX-4 regimen than
FUFA (p=0.01, p=0,04 and p=0,04, respectively). Among
PC patients receiving FOLFOX-4 regimen there was also
an observed tendency for having an ALP level of >100 U/L
and a homocysteine level of <15 pmol/L at third month,
and a GGT level of >40 U/L and a vertical spleen size of >12
cm at sixth month visits when compared to FUFA (p=0.11,
p=0.09 p=0.12 and p=0.07, respectively) (Table 3).

CG, ELT and LLT included 20, 10 and 10 patients, respective-
ly. Of the 20 patients in CG, 30.0% (n=6) had stage 2a, 20.0%
(n=4) stage 2b, 35.0% (n=7) stage 3b, 5.0% (n=1) stage 3c
and 10.0% (n=2) stage 4 CRC. Of the patients who complet-
ed FOLFOX-4, 14.3% (n=2) had stage 2a, 28.6% (n=4) stage
2b, 35.7% (n=5) stage 3b, and 21.4% (n=3) stage 3c CRC. Of
the patients who completed FUFA 33.3% (n=2) had stage
2a, 50.0% (n=3) stage 2b, and 16.7% (n=1) stage 3b CRC.
There was no difference between CG, ELT and LLT groups
in terms of distribution of age, gender and anthropometric
measurements. Median HS-MRS in ELT was higher than CG
and LLT, but the difference was not significant (p=0.11). Me-
dian serum AST, ALP and albumin levels were significantly
higher in ELT when compared to CG and LLT (p=0.008,
p=0.04 and p=0.02, respectively). Median serum homocys-
teine and adiponectin levels were significantly lower in ELT
when compared to CG and LLT (p=0.04 and p=0.02, respec-
tively). Median platelet count was significantly lower in ELT
and LLT groups than in CG (p=0.01). Median serum GGT was
significantly lower in LLT (p=0.009) (Table 4).

Discussion

This prospective observational study involved patients
with CRC who received FOLFOX-4 or FUFA as adjuvant ther-
apy and investigated various biochemical and clinical pa-
rameters that may be associated with the development of
radiological fatty liver disease and chemotherapy-induced
hepatotoxicity. The study population was considered to
be at risk for the development of hepatotoxicity since the
baseline frequencies of metabolic syndrome and obesity
was very high. The observations can be directly interpreted
as the effects of chemotherapy on the liver, as there were
no significant changes in BMI and other anthropometric
measurements during the follow-up.

HS-MRS increases during the chemotherapy period. This
condition may persist until 18 months after the start of
chemotherapy, and may regress approximately over 18
months. The reported acute steatosis rates of approximate-
ly 50.0% in patients receiving infusional 5-FU and oxalipla-
tin are consistent with our findings (steatosis rates in the
third and sixth month visits were 30% and 54.5% for FOLF-
OX-4 and 42.9% and 40.0% for FUFA).?? However, it is not
clear whether similar results would be observed in a group
of normal weight or underweight individuals, since the ma-
jority of patients included in our study had a high baseline
frequency of metabolic syndrome, overweight or obesity.

The observed changes in serum AST, ALT, total and direct
bilirubin, homocysteine and platelet levels during the che-
motherapy period are statistically significant. However,
they hardly possess clinical significance since these chang-
es are mainly within reference values. The course of these
changes also differ among patients treated with FOLFOX-4
and FUFA. This may be related to the fact that different
agents cause different histopathological conditions in the

Table 3. The frequency of changes in selected parameters according to chemotherapy regimens in the prospective follow-up cohort

Baseline P 3" month P 6" month P
FOLFOX-4 FUFA FOLFOX-4 FUFA FOLFOX-4 FUFA
AST >25 U/L 14.3 286 043 714 143  0.01 72.7 20.0 0.04
ALT >25 U/L 214 286 072 35.7 143 031 455 200 033
ALP >100 U/L 214 286 072 50.0 143  0.11 72.7 20.0 0.04
GGT >40 U/L 357 286 074 28.6 143 047 36.4 = 0.12
Thrombocytopenia (<150 x10%/uL) - - - 357 143 031 36.4 200 0.51
Homocysteine >15 pmol/L 81.8 40.0 0.09 18.2 57.1 0.09 30.0 400 0.70
Vertical liver size >12 cm 100.0 100.0 = 100.0 857 0.20 81.8 100.0 0.93
Vertical spleen size =12 cm 444 16.7 0.26 60.0 28.6 0.49 70.0 20.0 0.07
Hepatic steatosis by MRS >5.0% 20.0 16.7  0.87 30.0 429 0.59 54.5 40.0 0.59

FOLFOX-4: folinic acid, 5-fluorouracil and oxaliplatin; FUFA: 5-fluorouracil and folinic acid; AST: aspartate aminotransferase; ALT: alanine aminotransferase;
ALP: alkaline phosphatase; GGT: gamma glutamyl transpeptidase; MRS: magnetic resonance spectroscopy.
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Table 4. Comparison of patients in the early and long term follow-up and control groups

Parameters Control Early (9-18 months) Late (=18 months) P

Gender, n (%)

Male 10 (50.0) 6 (66.7) 6 (54.5) 0.71

Female 10 (50.0) 3(33.3) 5 (45.5)
Age, median (minimum-maximum) 64 (48 -77) 60 (38 -70) 60 (44 - 78) 0.54
Metabolic syndrome, n (%) 13 (65.0) 5(55.6) 5(45.5) 0.57
Type 2 diabetes mellitus, n (%) 4(20.0) 2(22.2) - 0.26
Coronary artery disease, n (%) 4(20.0) 1(11.1) 1(9.1) 0.67
Smoking, n (%) 5(25.0) 6 (66.7) 5(45.5) 0.10
Alcohol, n (%) 3(15.0) 4 (44.4) - 0.03
Chronic viral hepatitis, n (%) 2(10.0) - - 0.35
Chemoterapy regimen, n (%)

FOLFOX-4 - 8(88.9) 6 (54.5) 0.10

FUFA - 1(11.1) 5(45.5)
BMI, kg/m?, median (minimum-maximum) 274(223-354) 29.9(19.3-35.3) 28.5(21.3-46.5) 0.53
Waist circumference, cm, median (minimum-maximum) 95.0 (77.0-115.0) 97.0 (74.0-118.0) 89.0(76.0-123.0) 0.52
Hip circumference, cm, median (minimum-maximum) 96.5(91.0-119.0) 100.0 (93.0-112.0) 98.0(87.0-139.0) 0.60
Waist/hip, median (minimum-maximum) 0.96 (0.84 - 1.09) 0.98 (0.78 - 1.05) 0.89(0.79 - 1.05) 0.14
Fasting blood glucose, mg/dL, median (minimum-maximum)  99.5 (79.0 - 169.0) 102.0 (89.0 - 169.0) 96.0 (74.0-126.0) 0.62
Serum total cholesterol, mg/dL, median (minimum-maximum) 209.0 (127.0 — 385.0) 211.0(175.0 - 241.0) 224.0 (175.0256.0) 0.93
Serum LDL, mg/dL, median (minimum-maximum) 127.0 (63.0-315.0) 132.0 (95.0 - 160.0) 135.0(101.0169.0) 0.99
Serum HDL, mg/dL, median (minimum-maximum) 47.0(26.0-74.0) 49.0 (26.0 - 65.0) 49.0(37.0-180.0) 0.40
Serum triglycerides, mg/dL, median (minimum-maximum) 132.0 (64.0-515.0) 222.0(110.0 -472.0) 143.0(64.0-235.0) 0.14
Serum AST, U/L, median (minimum-maximum) 17.00 (8.0 - 39.0) 28.0(19.0 - 34.0) 19.0 (15.0 - 24.0) 0.008
Serum ALT, U/L, median (minimum-maximum) 15.0 (7.0 - 46.0) 21.0(17.0-32.0) 15.0 (10.0 - 28.0) 0.09
Serum ALP, U/L, median (minimum-maximum) 82.0(61.0-122.0) 115.0 (66.0 - 183.0) 84.0(57.0-130.0) 0.04
Serum GGT, U/L, median (minimum-maximum) 32.0(11.0-139.0) 31.0(25.0-221.0) 15.0 (6.0 — 42.0) 0.009
Serum total bilirubin, mg/dL, median (minimum-maximum) 0.34(0.22-0.99) 0.55(0.32-1.17) 0.35(0.20-1.05) 0.11
Serum direct bilirubin, mg/dL, median (minimum-maximum)  0.11 (0.01 — 0.36) 0.19 (0.09-0.30) 0.12(0.07 - 0.29) 0.15
Serum albumin, g/dL median (minimum-maximum) 449 (2.89-5.01) 477 (4.36 - 5.43) 4.65(3.67-5.17) 0.02
Serum total calcium, mg/dL median (minimum-maximum) 9.94 (8.85-10.57) 9.95(9.49-10.30) 9.71 (8.64-10.37) 0.73
Serum magnesium, mg/dL, median (minimum-maximum) 21(1.5-23) 21(19-22) 2.0(1.9-2.1) 0.71
Serum uric acid, mg/dL, median (minimum-maximum) 49(2.9-6.3) 6.2(3.1-8.7) 48(4.1-7.7) 0.17
Serum CRP, mg/dL, median (minimum-maximum) 0.59(0.16 - 9.84) 0.39(0.24-1.09) 0.36 (0.13 - 0.98) 0.12
Serum homocysteine, pmol/L, median (minimum-maximum) 16.41(12.21 - 22.38) 11.83(9.19-17.78) 17.90(10.33-27.14) 0.04
Serum ferritin, ng/mL, median (minimum-maximum) 58.8 (9.4 - 569.0) 17.4 (8.0 — 224.6) 44.2 (5.6 -217.0) 0.28
Serum leptin, ng/mL, median (minimum-maximum) 6.02 (0.79 - 30.87) 9.12(1.21-28.57) 13.45(0.50-53.78) 0.52
Serum adiponectin, pg/mL, median (minimum-maximum) 15.50 (2.29-76.16) 6.65 (3.29 - 15.87) 16.70 (6.77 —38.86)  0.02
Serum resistin, ng/mL, median (minimum-maximum) 169.98 (52.76 — 1047.50) 178.63 (84.53 —-414.66) 253.83 (103.47 - 688.14) 0.58
Serum ghrelin, ng/mL, median (minimum-maximum) 8.93 (5.67 -73.24) 9.29 (7.49 - 24.60) 24.60 (8.36 - 53.78)  0.09
Hemoglobin, g/dL, median (minimum-maximum) 129(9.4-15.1) 14.1(11.4-18.3) 13.40 (9.0 - 15.6) 0.16
Leukocyte count, 10°/L, median (minimum-maximum) 6.7 (4.0-10.6) 7.6 (4.0-9.6) 6.4(49-9.4) 043
Platelet count, 10°/L, median (minimum-maximum) 340.5 (178.0 - 645.0) 253.0(100.0 - 276.0) 254.0(184.0-364.0) 0.01
Vertical liver size, cm, median (minimum-maximum) 17.0(13.0-21.0) 16.5(15.0-18.3) 16.3 (15.2-20.1) 0.82
Vertical spleen size, cm, median (minimum-maximum) 11.0(8.6-13.3) 12.0(10.0-13.5) 10.7 (9.5-12.0) 0.38
Hepatic steatosis by MRS, % (minimum-maximum) 3.0(20-7.0) 7.0 (2.0-20.0) 35(25-8.7) 0.11

FOLFOX-4: folinic acid, 5-fluorouracil and oxaliplatin; FUFA: 5-fluorouracil and folinic acid; BMI: body mass index; LDL: low density lipoprotein; HDL: high density
lipoprotein; AST: aspartate aminotransferase; ALT: alanine aminotransferase; ALP: alkaline phosphatase; GGT: gamma glutamyl transpeptidase; CRP: C reactive
protein; MRS: magnetic resonance spectroscopy.
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liver (steatosis, CASH, STS, etc.). Oxaliplatin has been as-
sociated predominantly with vascular damage in the liver,
leading to the development of STS.”? On the other hand,
5-FU causes acute steatosis, which is mostly reversibly after
administration.?? Although these changes in biochemi-
cal parameters may not be very useful in clinical practice
alone, they can be used as a parameter of artificial intelli-
gence algorithms designed for the evaluation of CASH risk
in further studies.

The sinusoidal damage caused by oxaliplatin is associated
with the development of splenomegaly.?® Our observa-
tion of respective splenomegaly frequencies of 70.0% and
20.0% in FOLOFOX-4 and FUFA groups in the sixth month
visit may support this finding. The persistance of spleno-
megaly in patients who received FOLFOX-4 may possibly
demonstrate that the clinical impact becomes more pro-
nounced months after the end of treatment. Subclinical
portal hypertension due to oxaliplatin as a result of steato-
hepatitis and fibrotic changes in the liver in the late period
may be responsible for splenomegaly.

Leptin has been reported to exert protective effects against
steatosis. However, it is profibrogenic, and serum leptin lev-
els are proportional to body fat mass.?” Serum levels may
correlate with the severity of steatosis, but its relationship
with fibrosis is not clear.?” We did not observe a significant
change in the leptin levels of patients who received FOLF-
OX-4 and FUFA. A possible explanation may be the mask-
ing of possible chemotherapy related effects by the high
prevalence of overweight or obesity, since BMlI is the main
determinant of serum leptin levels.

Adiponectin reduces inflammation by increasing the re-
lease of anti-inflammatory cytokines. Serum levels are
inversely proportional to body fat mass and decrease in
obesity and type 2 DM.® No significant changes were ob-
served in adiponectin levels in the follow-up of PC patients.
However, our observation of lower adiponectin levels in
ELT group compared to LLT and CG may indicate the con-
tinuation of inflammatory response in this period.

Resistin is involved in the development of inflammation
and fibrosis in humans.?? Ghrelin levels are reported to
negatively correlate with BMI and increased levels may
cause hepatic steatosis.””-2¢ The role of resistin and ghrelin
in the pathogenesis of CASH may be more limited since we
did not observe any difference in serum levels among pa-
tients who received FOLFOX-4 and FU-FA.

Liver biopsy is still the only golden standard for the diag-
nosis of hepatic steatosis, steatohepatitis, hepatic vascular
lesions and fibrosis.”” However, the progress in non-inva-
sive methods such as functional MRI techniques is promis-
ing. Among these, MRS is reported to be the most precise

method to evaluate the amount of hepatic steatosis [30].
The ratio of the amount of triglycerides to the amount of
water contained in all hepatocytes is roughly calculated
with TH-MRS. Correlation with the presence of steatosis in
histopathological examination has been reported when
the percentage of adiposity measured by MRS is >5.0%.
Therefore, the threshold value for steatosis is accepted as
=>5.0%.5% It should not be forgotten that the results ob-
tained with MRS are at molecular level and pathological
features such as the presence of inflammation, hepatocyte
ballooning, and fibrosis that cannot be evaluated with MRS
alone. Therefore, the presence of steatohepatitis and cir-
rhosis cannot be diagnosed solely by MRS.

The inability to control other possible effects on the re-
sults (course of comorbid conditions, concomitant drug
use, special diet practices) and the heterogeneity of the
patients included in the study make it difficult to interpret
the results obtained from this study. On the contrary, the
evaluation of various parameters in this patient group and
the prospective design are the strengths of the study.

In conclusion, the development of hepatic steatosis is fre-
quently observed during treatment with 5-FU and oxalipla-
tin. Liver MRS is an important non-invasive diagnostic tool
for the diagnosis of hepatic steatosis. Further studies are
needed to evaluate the role of possible biomarkers in pre-
dicting the development and severity of CASH. Besides the
routine evaluation of liver functions during chemotherapy
period, it should be kept in mind that that the nagative im-
pacts may persist months after the end of chemotherapy.
The education and guidance of patients during the treat-
ment course in terms of correctable risk factors such as
obesity, physical inactivity and metabolic syndrome may
provide clinical benefit.
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