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Background. World statistics demonstrates that about 15% of liver resections are performed laparoscopically. Nev-
ertheless, in Ukrainian specialized centers, this figure is about 5% or even less. The aim of the forthcoming trial is to
determine whether laparoscopic liver resections (LLR) performed in the state Ukrainian specialized centers have better
surgical and long-term oncological outcomes compared to an open approach (OLR) with the parallel examination of the
surgically induced systemic stress response. Methods. This trial is a national (Ukrainian) multicenter randomized con-
trolled trial, with patients and ward personnel blinded to the treatment approach. Patients will be randomized in a 1:1
ratio to LLR or OLR with REDCap® software. The primary end-point is to compare the time to discharge in the cohorts
under study. The goal is to reduce the length of hospital stay in the LLR group at least by 28%. To obtain a power of 80%
and an alpha level of 0.05 for a two-sided p-value, a minimum of 126 patients (63 in each group) are to be included. Dis-
cussion. Conducting a randomized trial in Ukraine comparing laparoscopic and open minor liver surgery techniques
can leverage the country’s diverse patient demographics and healthcare infrastructure. This study will be able to provide
crucial insights into the effectiveness, safety, and feasibility of both surgical approaches in a population that may have
different disease presentations and healthcare access compared to Western countries. Trial registration and status. The
trial was registered in Researchregistry.com (UIN10336) on May 26, 2024, and currently has recruited 38 patients.
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Colorectal cancer (CRC) is the third most frequent-
ly diagnosed cancer in men and the second in wom-
en, and, according to the World Health Organization
database GLOBOCAN, it accounts for nearly 1.4
million new cases annually worldwide [1]. By the
data of the National Cancer Registry of Ukraine,

CRC accounts for almost 16,700 patients annual-
ly [2]. About 20% of CRC patients have metastases
either exclusively or predominantly in the liver at the
time of primary tumor presentation [3]. Moreover,
metachronous liver metastases are diagnosed during
the follow-up in more than 50% of cases [4].
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In the case of colorectal liver metastases (CLM),
hepatic resection represents the only curative op-
tion, with rates of overall survival (OS) for 5 and 10
years of 50% and 35%, respectively [5]. The tradi-
tional (open) liver surgery is still a standard surgi-
cal approach for liver resections due to CLM [6].
Nevertheless, the open surgical incision is highly
traumatic and associates with a prolonged postop-
erative hospital stay (4—12 postoperative days), and
the wound infection rate increases by to 13% [7, 8].
This applies especially to patients with concomitant
liver pathology (fibrosis, cirrhosis, etc.), when the
liver is enlarged, and its mobilization requires ex-
tended incisions [9]. The most common incisions
used in an open hepatectomy for right-sided liver
cancers include the inverted L-shape and Mercedes-
or middle incision [10]. Therefore, open incisions
have various risks of complications that affect the
patient’s quality of life [11].

Over the last two decades, there has been a pro-
gressive move toward the increased use of mini-
mally invasive techniques, and three internation-
al consensus statements have been pub-
lished [12—14]. The world statistics demonstrates
that about 15% of liver resections are performed
laparoscopically [15] while in the setting of the
Ukrainian state specialized centers, this figure is
about 5% or even less [16]. Therefore, conducting
a study aimed at demonstrating the superiority of
laparoscopic over traditional surgery in patients
with CLM who are suitable to both surgical meth-
ods will shorten the length of hospital stay, reduce
morbidity, and change the existing practice at the
national level in Ukraine.

The Enhanced Recovery After Surgery (ERAS)
protocols have been shown to decrease postopera-
tive complications and duration of stay after sev-
eral types of surgery due to a reduction in response
to surgical stress. The recommendations of the
ERAS Society in liver surgery require the laparo-
scopic approach as an important factor for its im-
plementation and compliance [17].

The surgical stress is a main indicator of the sys-
temic response to the surgical trauma [18]. As
known, it leads to the release of the main pro-in-
flammatory cytokines. In particular, the expression
of IL-6 results in the hepatic release of C-reactive
protein (CRP) causing a systemic inflammatory re-
sponse [19, 20]. If cytokine homeostasis is not
maintained, there may be an increased risk of post-
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operative morbidity or mortality and a decline in
oncological outcomes. According to the experi-
mental data, hepatic cytochrome P450 (CYP) iso-
form CYP1A2 is one of the important enzymes for
many drugs metabolism. Some studies demon-
strate that liver hypoxia can influence the CYP1A2
expression [21, 22]. The current surgical technique
for liver resection requires control of blood in- and
out-flow with the intermittent Pringle maneuver.
Thus, the pathophysiological organ-specific and
systemic stress responses after the surgical trauma
can be evaluated by measuring the hepatocytes
functional state and systemic markers of inflamma-
tory response in randomized cohorts.

The aim of the trial will be to determine wheth-
er laparoscopic liver resections have better surgical
and long-term oncological outcomes compared to
the open approach within the state Ukrainian spe-
cialized centers with the parallel examination of the
surgically induced systemic stress response.

The objectives of the trial are as follows:

To compare the surgical (surgery duration,
length of hospital stay, morbidity, mortality, read-
mission percentage, hospital costs, etc.) and onco-
logical (disease-free and overall survival) efficacy
in cohorts of laparoscopic vs. open liver surgery.

To evaluate the functional state of hepatocytes in
the adjacent and remote parenchyma in the groups
of open and laparoscopic liver surgery.

To compare the systemic marker of inflammatory
response with acute-phase reactant protein (CRP) in
cohorts of open vs. laparoscopic liver surgery.

The trial protocol is written in accordance with
the SPIRIT guidelines [23].

Study design

This trial is a national (Ukrainian) multicenter ran-
domized controlled trial, with patients and ward
personnel blinded to the treatment approach (Fi-
gure). At least two state centers that have conside-
rable experience in performing both open and lap-
aroscopic liver surgery in Ukraine are envisaged to
enroll the patients with CLM.

Molecular analysis. It is planned to assess the
functional state of hepatocytes in the adjacent and
distant anatomical zones in relation to the stroma
of the metastatic focus using EPR spectroscopy and
zymography. The degree of hypoxia will be assessed
by determining the activity of the oxidized and
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| Candidates for the minor liver resection |

Randomization 1 : 1 ratio to the treatment approach

| Laparoscopic resection | | Open resection |

Primary end-points: operation time, length of hospital stay, morbidity, mortality,
readmission percentage, hospital costs, disease-free and overall survival.
Secondary end-points: examination and comparing the functional state

of hepatocytes, evaluating of oxidized and low-spin forms of cytochrome P450,
isoform CYP 1A1,2 and CRP in cohorts.

Schematic representation of the study design

low-spin forms of cytochrome P-450 isoform CYP
1A2 after liver tissue transection completion. The
predictive value of the postoperative Day 1 and 3
CRP levels will be evaluated to determine the pres-
ence of a correlation with the surgical stress in the
studied cohorts.

Inclusion criteria. CRC patients with LM, candi-
dates for a minor liver resection, age 18—82 years,
ASA physical status I—III, and ECOG 0—1 who will
understand the essence of the study and sign an in-
formed consent to participate in it will be included.

Exclusion criteria. Patients unable/unwilling to
sign an informed consent, patients with ASA phy-
sical status > IV, patients with previous liver abla-
tions, and patients with an unrespectable extrahe-
patic disease will be excluded.

Co-primary end-points are to compare the sur-
gical outcomes of interest such as the surgery dura-
tion, time to discharge, surgical and medical com-
plications recorded 90 days after surgery according
to the Clavien — Dindo classification system [24],
readmission rates, and hospital costs. The oncolog-
ical outcomes will comprise the overall and dis-
ease-free survival rates.

Co-secondary end-points are chosen to demon-
strate the laparoscopic and open approaches’ effects
on the level of the systemic inflammatory response
(surgical stress) to the surgical trauma. These in-
clude the examination and comparison of the func-
tional state of hepatocytes (by evaluating the oxi-
dized and low-spin forms of cytochrome P450 and
isoform CYP 1A1,2). Also, the systemic expression
of CRP on the 1 and 3™ POD is to be measured.

Surgical techniques in cohorts include anatomy-
oriented parenchyma-sparing liver resection (LR).
All the surgical procedures will be performed by
surgeons who are trained in HPB surgery and ex-
perienced in open liver surgery (=50 resections).
Laparoscopic interventions will be performed by
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surgeons who also completed laparoscopic and
open HPB training programs and experienced
more than 25 laparoscopic liver resections (LLRs).
The complete removal of at least one Couinaud’s
segment containing the tumor burden together
with the related portal vein and the corresponding
hepatic territory will be defined as an anatomical
LR, whereas resections of the metastatic lesion with
a margin of at least 1 mm, whenever possible, with-
out regarding the segmental anatomy of the liver
will be recognized as a non-anatomical LR. All pa-
renchyma-sparing surgical LRs will include crash-
clamping or a cavitron ultrasonic surgical aspirator
with a resection margin size of at least 1 mm. When
possible, tactics of “vascular detachment” will be
used. The ischemia technique will include the clas-
sical Pringle maneuver (20 min ischemia, 5 min re-
perfusion). All parenchyma-sparing LRs will be ac-
companied by intraoperative ultrasound naviga-
tion [25]. The ports will be placed as preferred by
the surgeon and oriented on the present guidelines
or expert recommendations [26—29]. Resection of
< 2 liver segments will be classified as minor in ac-
cordance with the “New World” terminology [30].

Principal timeline, data collection, and follow-up.
The preoperative assessment will consist of the col-
lection of baseline data information: age, gender,
body-mass index, ASA score, ECOG, diagnosis,
and dates of randomization and operation. All data
will be entered into the REDCap database program,
available only to the project owners, ensuring that
anonymity is maintained and data security is re-
spected. Ethical principles for medical research will
follow the Declaration of Helsinki [31]. Mass spec-
trometry, electron paramagnetic resonance, histo-
logical and histochemical examinations of the liver
tissue samples, and biochemical analysis of blood
will be performed in the local laboratories. The
time of participation of each enrolled patient in the
study is 5 years, and the follow-up observation will
be carried out after 1, 3, 6, 9, 12, 15, 18, 21, 24, 30,
36, and 60 months.

Sample size calculation. The sample size calcu-
lation will be based on the selected primary end-
point (length of hospital stay) with the online ser-
vice Clincalc.com. In 2016—2023, the median of
the hospital stay in the clinic of the National Can-
cer Institute was 7 * 4 days [32]. A goal of this
study is to reduce this duration in the LLR group
by at least 28%. To obtain a power of 80% and an
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alpha level of 0.05 for a two-sided p-value, we en-
visage enrolling a minimum of 126 patients (63 in
each group).

Randomization and blinding. Patients will be
randomized in a 1:1 ratio to LLR or OLR with
REDCap® software [33]. The randomization will be
performed by the principal researcher of the proj-
ect. All the staff in hospitals and patients will be
blinded to the intervention type.

Statistical analysis. The descriptive data will be
presented with the means, SDs, medians, interquar-
tile ranges, numbers, and percentages. The categor-
ical variables will be compared using the x or Fish-
er exact test when applicable. The survival will be
analyzed using the Kaplan — Meier method, the
log-rank test, and Cox proportional hazards regres-
sion to compare the outcomes between groups. The
differences between median values will be com-
pared using the Mann — Whitney U-test. For the
comparison between two groups with categorical
variables, the two-sided Fisher’s exact test will be
used. P-values less than 0.05 will be considered sta-
tistically significant. To identify predictors of sur-
vival, univariable and multivariable analyses will be
done using the log-rank test and the Cox propor-
tional hazards model. The statistical analyses will
be performed using Prism 10.0.

Safety. All adverse events according to CTCAE will
be reported to the principal investigator within 24 h.

Discussion

In 1977, the first multicenter study was published,
which included the analysis of 621 liver resections,
the average rate of postoperative mortality was
13%, and intraoperative blood loss was the main
cause of mortality in such patients [34]. Over the
past 40 years, technological improvement and
high-tech surgical support development have led to
a significant decrease in the level of blood loss. In
the 1990s, perioperative mortality averaged 5%,
which led to a geometric progression of the num-
ber of liver resections in the world [35]. World sta-
tistics demonstrates that the therapeutic potential
of liver surgery exceeds any state-of-the-art chemo-
therapy and, in some cases, becomes the only pos-
sible treatment option [36].

However, the last three decades of the global ex-
perience of liver surgery revealed the problem that
can jeopardize the positive oncological outcomes
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of liver resections in CRC patients with liver me-
tastasis [37, 38]. Namely, open liver resections are
highly traumatic and associated with a longer hos-
pital stay or increasing wound infection rates [39,
40]. Surgical trauma is considered a significant fac-
tor capable of potentiating the processes of surgical
stress [41]. Since the introduction of laparoscopy
for liver resection in the 1990s, the performance of
LLR has been steadily increasing [42]. Generally,
LLRs account for approximately 15% of all liver re-
sections performed worldwide but this percentage
may vary depending on the institution, surgeon ex-
pertise, patient characteristics, and specific indica-
tions [43]. Currently, the use of LLR is becoming
increasingly common as the laparoscopic tech-
niques and technology continue to advance allow-
ing for more complex liver resections to be per-
formed laparoscopically.

Conducting a randomized trial in Ukraine com-
paring laparoscopic and open minor liver surgery
techniques can leverage the country’s diverse patient
demographics and healthcare infrastructure. This
study will be beneficial for the crucial insights into
the effectiveness, safety, and feasibility of both surgi-
cal approaches in a population with different disease
presentations providing the healthcare access in
Ukraine comparable to that in Western countries.

Availability of data and materials

All data generated or analyzed during this study will
be included in the published results. The source data
will be kept on RedCap for 10years. The datasets
analyzed during the current study will be available
from the corresponding author upon request.
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Ethics approval and consent
to participate

This study was designed in line with the prin-
ciples of the Declaration of Helsinki. Approval
was granted by the Ethics Committee of the Na-
tional Cancer Institute (protocol No. 244/3, 03/
OCT/2023). The study was registered in Re-
searchregistry.com.

All patients meeting the inclusion criteria will be
invited to participate. Recruitment is provided by
the principal investigator and authorized research-
er. If a patient is willing to participate, study infor-
mation will be provided. Following oral and written
consent, patients are assigned a subject number in
the electronic data capture software REDCap,
which will be used for data collection throughout
the study.

Dissemination

The final report will be submitted for publication
in a high-quality peer-reviewed international jour-
nal and presented at relevant international scien-
tific meetings.
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1 Jep>xaBHe HeKoMepliiliHe mignpueMcTBo «HalioHanpHuit iHCTUTYT paKy», Kuis, Ykpaina
2 HanjioHa/IbHITT MeTVIHIT yniBepcuret imM. O.O. boromonbus, Knis, Ykpaina

I[TPOTOKOJI ABOLEHTPOBOT'O PAHIJOMIZSOBAHOTO KOHTPOJIbOBAHOI'O KJITHIYHOT'O
TOCTIIXEHHSA 3 TTIOPIBHAHHSA JTATTAPOCKOTIIIYHOT TA BIIKPUTOT «MIHOPHOT» PE3EKIIIT
Y XBOPUX YKPATHI HA KOJTOPEKTAJIbHVI PAK 3 METACTA3AMM O TIEYIHKI

CraH nuTaHHA. 3TiTHO CBITOBII cTaTHCcTHUIi MPUOMU3HO 15% peseKill MeyiHKM BUKOHYEThCS JIanapocKomiyHo. Of-
HaK y CIlellia/li3oBaHUX IJeHTpaxX YKpaiHM liell TIOKa3HMK CTAHOBUTD 5% i HaBiTh MeHIlle. MeTa JOCTifI>)KeHHs, 110 TJIa-
HYETbCs, — 3’ACYyBaty, 41 O6yAyTb 6e3nocepenHi Xipypriuti Ta BifgaaeHi OHKOMOTIUHI pesy/IbTaTi TanapoCKOIIYHMX
pesexuiit meuinku (JIPIT) xpamumu 3a Taki B pasi Bigkpuroi pesekuii newinku (BPIT) B ymoBax crienianisoBaHux mep-
JKaBHMX LeHTpiB Ykpaium. [TapajenpHo Oyme HOCTIIXEHO CUCTEMHY CTPECOBY BifIIOBifb Ha XipypriuHe BTpydYaHHA.
Meroau. [ltaHoBaHe KOCTIKEHHS ABTIsIE COOOI0 HAI[iOHAIbHE JBOLEHTPOBE PAHOMi30BaHe KOHTPO/IbOBAHE TTO/IBili-
HO Cj1ille KIiHIYHe JOCTifKeHHs B YKpaini. Pannomisanis xsopux y cuissifHoutenHi 1:1 go rpymn JIPIT a6o BPII 6yne
IPOBOAUTHCD 32 JOIIOMOTOI0 ITporpamHoro sabesmnedents REDCap®. IlepBrHHOIO KiHIIeBOIO TOUKOIO Oy/ie MOPiBHAHHS
TPUBAJIOCT] 3HAXOJ>KEHHs B CTallioHapi. [Ipu boMYy 3aBIaHHs HOJIATaTYMe B 3HIDKEHHI 4acy epebyBaHHs B CTalliOHa-
pi gy rpymu JIPIT npunaiiMHi Ha 28%. {751 [OCATHEHHSA CTaTUCTUYHOL TOTYXXHOCTI ¥ 80% Ta anbda-pisHs B 0,05 s
IBOOIYHOTO p KpUTepilo, MOTPiOHO LIoHaMeHIIe 126 xBopux (1o 63 B KoxHiil rpymi). O6rosopenHs. [IpoBenenHs
PaHOMi30BaHOTO JOCTiIpPKEHH:A B YKpaiHi 3 MOPiBHAHHSA Pe3y/IbTaTiB JIATaPOCKOIIYHOTO Ta MiHOPHOTO BiJKpUTOTrO
Xipypri4yHOro BTpy4aHHs Ha IE€YiHIli JO3BOMNUTH ONTUMIi3yBaTy OTPUMAaHi pe3y/nbTaTy 3 BpaXyBaHHAM BiJIMiHHOCTEN
B leMorpaiyHMX IOKa3HMKAX XBOPUX Ta iHQpacTpykTypi 3aKknafiiB OXOpOHM 3[J0pOB’A. Yce Iie TO3BOIMUTD CKIIac-
TV KPUTUYHE yABIEHHA I[O0 e(eKTUBHOCTI, 6€3IeYHOCTI Ta MOX/INBOCTEll 000X XipyprivHuX MeTOIMK B YKpaiHi,
fie iCHYIOTb IIeBHi BiIMiHHOCTI B OpraHisanii JiKyBaHHA OHKOJIOTiYHMX XBOPMX Y IOPiBHAHHI i3 3aXifIHMMM KpaiHa-
mu. Peectpanis ta craryc gocmimxenHs. [JocmimpkeHHs 3apeecTpoBano 26 TpaBHs 2024 p. Ha Researchregistry.com
(UIN10336). Ha et yac 1o ZOCTif)KeHHs 3a7Ty4eHO 38 XBOPUX.

Kimrouosi coBa: nanapockomnivyHa pesekilisa ediHKy, paHIOMi30BaHe KOHTPO/IbOBaHe HOCIiKeHHS, GYHKIIIOHAIbHUI
CTaTyC renaToOLUTiB.
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