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Background: For the last three decades, the world surgical community successfully adopted different surgical strategies for \
colorectal cancer (CRC) patients with liver metastases (LM), however, we are still seeing the evolution of treatment guidelines. The
purpose of the study was to analyze a 20-year evolution of CRC patients with LM being treated in a specialized state Ukrainian
oncological center.

Materials and methods: The retrospective analysis of 1118 CRC patient cases using prospectively collected patient data from the
National Cancer Institute registry. The time ranges between 2000-2010 and 2011-2022 and the LM manifestation — metachronous
(M0)/synchronous (M1) were the two main grouping criteria.

Results: The overall survival 5-year survival of patients who had surgery between 2000-2011 and 2012-2022 was 51.3 and 58.2%
(P=0.61) for the MO cohort and 22.6 and 34.7% at M1 (P =0.002), respectively. The results of the multivariate analysisin 1118 cases
revealed that liver re-resection and regional lymph node dissection > D2 were associated with better overall survival [hazard ratio
(95% CI) =0.76 (0.58-0.99) P =0.04] in the MO cohort and receiving at least 15 courses of chemotherapy had better recurrence-free
survival rates [hazard ratio (95% Cl)=0.97 (0.95-0.99), P=0.03] for both MO and M1.

Conclusions: It was shown the improvement of the oncological prognosis for CRC patients with synchronous LM who were treated

the above.

after 2012. The adaptation of world experience algorithms and the surgical strategy evolution have become the root cause of
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Introduction

One of the top five malignant neoplasms in terms of frequency of
diagnosis in Ukraine is CRC. And nearly 18 000 new people are
diagnosed with it each year among the adult population!'.
According to medical records, LM are diagnosed in more than
half of CRC patients for the period of ‘anamnesis morbi,” and in
95% of cases it leads to cancer-specific death>™!,

For a long time, the number and size of metastatic lesions of
CRC in the liver were considered as a ‘guideline’ for resection!> .
However, the evolution of oncology has made it possible to
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HIGHLIGHTS

e The aim of this work was to analyze a 20-year period of
colorectal cancer (CRC) patients with liver metastases
(LM) treatment who have undergone it in a specialized
state Ukrainian oncological center.

e Parenchymal-sparing liver surgery implementation asso-
ciated with a better long-term oncological prognosis.

e Receiving of more the 15 courses chemotherapy (CTx)
improved recurrence-free survival rates.

implement more extreme approaches in liver surgery!”*8!, Until
now the debates between advocates of two main strategies in
CRC patient’s liver resection (LR) are ongoing!”'. One of which is
the two-stage LR, which was successfully adapted by the inter-
national surgical community!'”l, In contrast, the first-choice
strategy in the world for CRC metastases removal remains one-
stage parenchymal-sparing surgery''!!. The adaptation of intra-
parenchymal 1-2 order vessel skeletonization and intraoperative
ultrasound guidance significantly increased the precision of
resection and thereby resectability!’®!. In contrast, two-stage
anatomical liver surgery increased resectability by augmenting
the future liver remnant and in cases of bilobar LM these two
strategies routinely accompany each other. Hepatobiliary sur-
geons worldwide have adopted laparoscopic minor wedge
resections and left lateral sectionectomies after the Louisville
Laparoscopic Liver Resection conference!'®!. Whereupon the last
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General characteristics of patients®

Indicators Total (N=1118) Metachronous LM (MO0) (n=515) Synchronous LM (M1) (n=603)
Time lines 20002022 2000-2011 2012-2022 2000-2011 2012-2022
Age [mean (SD)] 66 (13) 65 (12) 67 (10) 64 (11) 66 (12)
Male sex 526 (47) 27 (2.4) 225 (20.1) 33(3.0) 241 (21.6)
Primary tumor status, AJCG, sixth

pT1-pT3 684 (61.2) 36 (6.9) 288 (55.9) 66 (10.9) 294 (48.8)

pT4 434 (38.8) 13 (2.5) 221 (42.9) 18 (3.0) 182 (30.2)
Status of regional lymph nodes

pNO 671 (60.0) 32 6.2 298 (57.9) 35(5.8) 306 (50.7)

pN1-pN2 447 (40.0) 17 (3.3) 168 (32.6) 49 (8.1) 213 (35.3)
Primary tumor location

Right colon 117 (10.5) 9(1.7) 44 (8.5) 11 (1.8) 53 (8.8)

Left colon 1001 (89.5) 40 (7.7) 422 (81.9) 73 (12.1) 466 (77.3)
Metastasis spread characteristic

Bilobar metastases 274 (24.5) 4(0.7) 117 (22.7) 8 (1.3 145 (24)

Extrahepatic disease 36 (3.2) 1(0.2 19 (3.7) 3(0.5) 13 (2.2

Lung metastases 184 (16.5) 8 (1.5) 69 (13.4) 13 (2.2 92 (15.3)

2Unless otherwise stated, numbers are represented as 1 (%).
AJCC, American Joint Committee on Cancer; LM, liver metastases.

meta-analysis demonstrates favor of a laparoscopic approach
over open LR for reducing postoperative complications, and
hospital stay, and improving survival'®!. In parallel, the evolu-
tion of the surgery of the primary CRC tumor took place, by
taking into account anatomical, embryological, and oncological
aspects!> 171, And the CTx optimization in combination with
target and immunotherapy directed to controlling the ‘waves’ of
tumor progression was done!*®!,

The above-described evidence-based medicine evolution has
had its impact on the treatment approaches for patients with
CRC in Ukraine. Therefore, the purpose of this study was to
analyze a 20-year period of CRC patients with LM treatment
who have undergone it in a specialized state Ukrainian oncolo-
gical center.

Materials and methods

A retrospective single-centre consecutive analysis of 1118 CRC
patients, who received surgical treatment for primary tumor and
metastatic liver lesion between 1 January 2000 and 1 July 2022
has been performed in the state clinic of National Cancer Institute
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Figure 1. The experience curve of open and LLRs in patients with colorectal
cancer. *Performed more than 50 open interventions per year. **Performed

more than 35 LLR per year. LLR, laparoscopic liver resection; LR, liver
resection.

(Kyiv). The time ranges between 2000-2010 and 2011-2022 and
the LM manifestation — metachronous/synchronous (M0/M1)
were the grouping criteria. The manuscript is written in line with
the PROCESS 2020 criteria’®. The Ministry of Health of
Ukraine sponsored the study, but had no role in the design, data
gathering, data analyses, or writing of the manuscript (registered
in www.researchregistry.com, no. 1480). The study protocol has
been approved by the Regional Ethical Committee of National
Cancer Institute, Kyiv (ID 76 of 15.01.2015). The authors
gathered and analyzed the data from The National Cancer
Registry of Ukraine and wrote the manuscript.

The preoperative patient management optimization was stan-
dardized from 2009 with ERAS protocols implementation!®?!,
Patients received CTx accordingly to the Ukrainian guidelines
from 2000 till 2011 and as recommended by the multidisciplinary
team meeting from 2012 till present time. Since 2000, adjuvant
CTx in Ukraine has included the Mayo regimen and monotherapy
with fluorofur, while capecitabine regimen started from 2005.
From 2007 doublet regimens based on oxaliplatin and irinotecan
have been included in the Ukrainian guidelines. Subsequent to
2010 and 2012, the state and local guidelines have included CTx
with anti-vascular endothelial growth factor and anti—epidermal
growth factor receptor—based regimens. Triplet regimens has been
used after 2016.

Inclusion criteria comprise CRC patients with morphologi-
cally approved adenocarcinoma with at least 1 LM, who com-
pleted the surgical treatment of primary tumor and liver/lung
metastases. Exclusion criteria included patients carriers of more
than 5 resectable lung metastases, and/or unresectable peritoneal
carcinomatosis.

Surgical techniques included anatomical-oriented, parenchyma
sparing LR, radiofrequency ablation (RFA), electrochemical
treatment, cryotherapy. All the surgical procedures in the time
range beetween 2000 and 2011 were performed by consultant
hepato-pancreatico-biliary (HPB) surgeons skilled in the techni-
que in use. In the period between 2012 and 2022 LRs were
performed by four surgeons trained in HPB surgery and experi-
enced in open liver surgery (>350 resections), laparoscopic
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Characteristics of surgical treatment®

Indicators Metachronous LM (M0)  Synchronous LM (M1)
Time lines 2000-2011 2012-2022 2000-2011 2012-2022
Total operations performed 49 (9.5) 466 (90.5) 84 (1390 519 (86.1)
LRs

Anatomical 24 (4.7) 43 (8.3 44 (7.3) 214 (35.5)

Nonanatomical 19 (3.7) 25 (4.8) 254.1) 312.7)

Parenchymal-sparing - 2 - 256 (22.8)
RFA 4(0.8) 5(1.0) 8(1.3) 18 (3.0)
Electrochemiolysis 1(0.2) 7(1.4) 1(0.2 -
Cryodestruction 1(0.2 - 6 (1.0) -
Major LR - 38 (7.4) - 41 (6.8)
Re-resections of the liver 69 (13.4) - 91 (15.1)
Simultaneous surgery - - 2 (0.3 163 (27.1)
Laparoscopic colon surgery - 283 (55) - 323 (53.6)
Lymph node dissection

D1 49 (9.5) - 84 (13.9) -

D2 and higher - 466 (90.5) - 519 (86.1)
LLR 116 (24.8) - 95 (18.3)
Major LLR - 24 (5.2) - 18 (3.5
Lung resections 16 (3.1) 105 (20.4) 8 (1.3) 55 (10.6)
CTx (courses) (mean+SD)  4.6+0.6 8.5+04 38+04 9.7+04
No CTx 13 (2.5) 77 (15) 20 (3.3 65 (10.8)
CTx + radiation therapy 13 (2.9) 123 (239 18(3.0 94 (15.6)
Overall 515 603

Unless otherwise stated, numbers are represented as 1 (%).
CTx, chemotherapy; LLR, laparoscopic liver resection; LM, liver metastases; LR, liver resection; RFA,
radiofrequency ablation.

interventions were performed by two surgeons who also com-
pleted a laparoscopic and open HPB training programs and
experienced more than 25 laparoscopic liver resections (LLRs).
The complete removal of at least 1 Couinaud’s segment contain-
ing the tumor burden together with the related portal vein and the
corresponding hepatic territory was defined as the anatomical LR.
Whereas the resections of the metastatic lesion with a margin of at
least 1 cm, whenever possible, without regarding the segmental
anatomy of the liver were recognized as nonanatomical. All par-
enchyma sparing surgical LRs included crash-clamping or cavi-
tron ultrasonic surgical aspirator with resection margin size of at
least] mm. In possible cases a tactic of ‘vascular detachment’ has
been used. Ischemia technique included classical Pringle maneuver
(20 min — ischemia, § min — reperfusion). All parenchyma sparing
LRs were accompanied by intraoperative ultrasound navigation.

Complication data were collected from the medical record.
Major complications were defined either as requiring intensive
care unit stay, treatment by an interventional radiologist, or
reoperation, or as resulting in death.

Primary outcome was measured by analyzing of overall survival
(OS) and recurrence-free survival (RFS) rates after liver surgery.
Follow-up was done every 4 months for the first 3 years and then
every 6 months for the next 2 years and then every 12 months per
year in the time range between 2011 and 2022.

Statistical analysis

Descriptive data are presented with means, SDs, medians, inter-
quartile ranges, numbers, and percentages. Categorical variables
were compared using the y* or Fisher exact test when applicable.
Survival analyses done using Kaplan—Meier method, the log-rank

test and Cox proportional hazards regression to compare out-
comes between groups. Differences between median values
compared using Mann—Whitney U-test. For comparison between
two groups with categorical variables the two-sided Fisher’s exact
test used. P-value less than 0.05 considered statistically sig-
nificant. To identify predictors of survival, univariable and mul-
tivariable analyses were done using the log-rank test and the Cox
proportional hazards model. Statistical analyses performed using
Prism 9.0.

Results

A total of 1118 patients with CRC have been operated
between 1 January 2000 and 1 July 2022, all patients com-
pleted the surgical program according to the standards of that
time. Cohorts with synchronous (M1) and metachronous (M0)
LM included 603 and 515 patients, respectively. Distribution
by sex, age, primary tumor localization, regional, and distant
metastases spreading are represented and stratified according
to the time ranges of between 2000-2011 and 2012-2022
(Table 1).

In 61.2% primary tumors did not penetrate the surface of
visceral peritoneum (pT1-pT3) and in 60% regional lymph
nodes had negative status. The vast majority of primary tumors
(89.5%) were the left colon cancers.

Bilobular metastases were seen in 23.5 and 25.4% of cases in
cohorts metachronous and synchronous LM, respectively
(P=0.93). Extrahepatic intra-abdominal spread of the metastatic
was in 3.2% of the cases. In addition, 16.5% of patients had
synchronous metastatic lung lesions.

Open liver surgeries exceeded 50 per year in 2012, although
the maximum surgical activity was recorded in 2019 (152
resections per year) (Fig. 1). The first LLR was done in 2012 and
the most of them (7 =35) were done in 2020. A separate analysis
was performed by decades: 2000-2011 and 2012-2022, taking
into account the fact that the center was low-volume in terms of
the number of open LR performed up until 2011. A total of 133
procedures were carried out between 2000 and 2011 (11.8%),
111 of which (9.9%) were resections, 12 (1.2%) were RFA, 7
(0.6%) were cryodestructions, and two (0.2%) patients under-
went electrochemolysis therapy. The majority of resections were
done between the years of 2012 and 2022, with 466 (90.5%) of
them being for synchronous metastatic lesions and 519 (86.1%)
for metachronous ones.

The number of LR increased exponentially between 2011 and
2020, reaching a peak of over 100 in 2017 — 20% of which were
laparoscopic procedures. The overall number of LLR from 2012
to the analysis’s time was 211 (21.4%). The majority of LLR were
performed according to the principles of parenchymal-sparing
surgery, anatomical major LRs were successfully performed in
24 (5.2%) and 18 (3.5%) patients with metachronous and
synchronous LM. The analysis also took into account 160
re-resections, 79 big resections, and 642 (57.4%) parenchymal-
sparing resections that were carried out between 2014 and 2022.
In the cohort of M1 patients, the strategy of simultaneous
resections of primary tumors and metastases in the liver was
adapted in 165 (27.1%) of the cases. Until 2011, regional lymph
node dissection was performed in the D1 volume (9.5 and
13.9%), starting from 2012, D2 and D3 dissection types have
been performed.
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Laparoscopic surgery of the primary colon and rectal tumors
was implemented in 2014, and as of the analysis, 606 laparo-
scopic interventions had been registered, accounting for 61.5% of
all operations in the surgical department. Lung resections due to
metastatic disease were performed in 16.4% of patients. Surgical
treatment without CTx was registered in 17.5 and 14.1% of
cases, respectively, at metachronous and synchronous group. The
number of the CTx courses that the patients received after 2012
was higher (8.5+0.4 vs. 4.6+0.6 for MO and 9.7+0.4 vs.
3.8+0.4 for M1) in comparison with the time range between
2000 and 2011 (Table 2).

The OS at 1-, 3-, 5-, 10-, and 20-year survival rates were 98.6,
78, 57.1, 28.5, and 14.6%, respectively, for the metachronous
cohort and 93.3, 58, 30.5, 17.5, and 8.6% for synchronous
(P <0.0001) (Fig. 2). The 5-year OS rate in the cohort of patients
who received only surgical treatment and both CTx with surgery
was 61.2 and 56.2% (P =0.43) in the metachronous cohort and
16.5 and 31.5% (P =0.006) in patients with synchronous LM.
The OS 5-year survival of patients who had surgery between
2000-2011 and 2012-2022 was 51.3 and 58.2% (P=0.61) for
the MO cohort and 22.6 and 34.7% at M1 (P=0.002), respec-
tively. The OS S-year survival rate depending on the embryonic
distribution was 54.2 and 57.3% for patients in the MO cohort
with tumors located in the right and left colon, respectively
(P=0.67). Whereas for CRC patients with M1, 5-year OS was
23.7 and 31.4%, respectively in right and left colon cohort
(P=0.14).

Annals of Medicine & Surgery

The results of multivariate analysis revealed that the spread of
the primary tumor beyond the serosal membrane, synchronous
manifestation of metastatic disease in the liver, simultaneous
metastatic lesions of the lungs and liver, and extrahepatic intra-
abdominal spread had a negative impact on OS. Whereas liver
re-resection and regional lymph node dissection >D2 were
associated with better OS in the M0 cohort. Moreover, the rate of
RFS was significantly lower in the cohorts of patients with
regional lymph node involvement and extrahepatic intra-
abdominal spread of metastases, while better RFS rates in both
MO and M1 have been observed in the cohort who received at
least 15 CTx courses.

Meanwhile, the number of CTx courses, the status of the R1v
resection margin, the simultaneous surgical strategy did not affect
the OS rate, nor did the LLRs affect the RFS (Table 3).

Discussion

The history of the treatment of CRC patients is an example of the
influence of technical progress on the strategy paradigm.
Therefore, the stages of the 20-year evolution of liver surgery for
its metastatic lesions were examined as part of a retrospective
investigation of 1118 individuals with CRC in Ukrainian state
center. The results of this analysis confirm the importance of using
a parenchymal-sparing surgical strategy, which increases the
chances of repeated re-resections of the liver, since such a strategy
is associated with better OS rates. More than 40% of CRC
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Figure 2. The overall survival (OS) and recurrence-free survival (RFS) of 1118 patients with colorectal cancer. Where ‘MO’ and ‘M1’ are patients with metachronous
and synchronous liver metastasis, respectively; ‘S(M1)’ — cohort of patients with synchronous metastasis who received only surgical treatment; ‘S + CTx (M1)’
— cohort of patients with synchronous metastasis who received surgical treatment and CTx; ‘M1 (2000-2011)’ and ‘M1 (2012-2022)’ — cohorts of patients with
synchronous metastasis who were treated in the corresponding time intervals. *A vertical dashed line in the graph represents the 5-year survival rate.
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Univariate and multivariate analyses of prognostic factors for OS and RFS

0S RFS
Lo Multivariable Cox regression analysis L Multivariable Cox regression analysis
Univariable Univariable

Variables P Hazard ratio (95% CI) P P Hazard ratio (95% CI) P

Sex (female) <0.001 0.86 (0.71-1.1) 0.14 0.09 1.22 (0.92-1.62) 0.15
Surgery alone 0.19 1.4 (0.94-2.1) 0.07 0.59 0.79 (0.38-1.43) 0.47
CTx >15 cycles (MO and M1) 0.61 1.4 (0.65-2.7) 0.14 0.002 0.97 (0.95-0.99) 0.03
Parenchyma sparing surgery 0.01 1.2 (0.81-1.8) 0.33 0.44 1.95 (0.98-3.88) 0.06
Primary tumor (right sided) 0.09 1.1(0.73-1.7) 0.61 0.1 0.78 (0.43-1.37) 0.39
AJCC (pT4) 0.004 1.3(1.0-1.5) 0.04 0.08 1.09 (0.85-1.39) 0.48
Lymph nodes involvement (pN2) 0.005 1.0 (0.88-1.2) 0.81 <0.001 1.82 (1.14-3.12) 0.02
Primary tumor (recti) 0.06 1.0 (0.76-1.5) 0.79 0.47 1.12 (0.75-1.483) 0.72
LM (M1) <0.001 1.8(1.4-2.2) <0.001 0.21 1.01 (0.75-1.35) 0.94
Extrahepatic disease <0.001 3.4 (1.4-7.0) 0.003 <0.001 1.03 (1.01-1.04) 0.002
Bilobar metastases 0.34 0.92 (0.58-1.4) 0.68 0.17 1.08 (0.01-0.08) 0.9

Liver re-resections 0.01 0.55 (0.31-0.90) 0.03 0.76 1.14 (0.58-2.03) 0.68
Lung metastases (present) 0.02 0.64 (0.48-0.83) 0.001 <0.001 1.02 (0.68—1.46) 0.94
Regional lymph node dissection (> D2) for MO cohort <0.001 0.76 (0.58-0.99) 0.04 0.07 1.12 (0.93-1.35) 0.21

R1 vascular detachment 0.67 0.96 (0.47-1.8) 0.91 0.61 1.53(0.71-2.88) 0.22
Simultaneous surgery (M1 cohor) 0.09 1.3(0.75-2.2) 0.34 0.21 0.77 (0.35-1.49) 0.48
LLR 0.89 0.90 (0.58-1.3) 0.61 0.78 1.23 (0.74-2.01) 0.36

AJCC, American Joint Committee on Cancer; CTx, chemotherapy; LLR, laparoscopic liver resection; LM, liver metastases; OS, overall survival; RFS, recurrence-free survival.

patients experience recurring waves of localized metastatic liver
damage after the surgical program is over?!l. This requires the use
of seond-line CTx and re-resection. Also, the improvement of
CTx over the last decade in Ukrainian guidelines has provided the
shift in the recurrence-free survival due to the improvement of
resectability. And parenchymal-sparing surgery allows for an
individualized application of the surgical method with minimal
risks of falling into the ‘drop-out’ group due to tumor progression
and improves the liver re-resection perspective!*?!,

The era of the anatomically oriented LR did not demonstrate
advantages in the treatment of metastatic CRC disease, this
analysis confirmed that the 5-year OS of patients who were
operated on in the time range between 2000-2011 and
2012-2022 for the M1 cohort was 22.6% (anatomical resec-
tions) and 34.7% (parenchymal-sparing—oriented method)
(P=0.002). Also this approach contradicts the model of pro-
gression and metastasizing of CRC?3!, Molecular studies have
shown the simultaneous and not interdependent presence of very
early lymphatic and hematologic tumor spread the dissemination
of CRC cells from the primary tumor at I-II stages of the
disease®. That is why contemporary multidisciplinary teams
should strive to develop an individualized treatment strategy
taking into account the duration and frequency of CTx and the
optimal time for resection. In our opinion, the latter should be
planned with foresight, because in half of the cases, the success of
the surgical program does not depend on the first resection of the
liver. The diffusion of micrometastases and the dormant state of
CRC cells are currently the main arguments against performing a
wide resection margin liver surgery for these patients!®®!,

The use of intraoperative ultrasound navigation during liver
surgery, preservation of parenchyma in the right venous core,
elements of vascular skeletonization, and research into the
pathological effects of ischemia-reperfusion problems first
emerged at the National Cancer Institute in 2012 and were finally
standardized in 201528, Until that moment, the center’s
surgeons followed the principles of anatomical-oriented or

nonanatomical resections and used the strategy of two-stage LR
for bilobar metastases, which was accompanied by a higher level
of complications and worse oncological results. Our state center
was able to consistently raise survival rates for one of the most
challenging metastatic cancers by using the capabilities of par-
enchymal-sparing LRs and LLRs. We believe that such a strategy
should be implemented within the framework of state programs.
Unfortunately, according to the latest Ukrainian CRC statistical
offices data, every year one third patients do not survive
12 months and only 69.4% of all patients received anticancer
treatment (35.1% surgical and 34.3% combined)”!,

Current improvement of laparoscopic technologies and energery
systems can be used to improve surgical strategy, as was recently
demonstrated in the context of the randomized trial, which enables
reliable reduction of the level of postoperative complications and
cost with parity in terms of oncological effect’®*”). In addition, a
team of Japanese surgeons demonstrates the prospects for the
development of liver surgery through ICG visualization of resec-
tion margins, according to their preliminary results, it allows to
reduce the risks of liver dysfunction and improve the radicalism of
the operation!®!l. The latter has the potential to improve both liver
surgery and oncological prognosis. The obtained results of our
study and literature data demonstrate the importance of a wider
implementation of LLRs strategy within the framework of a
randomized study in Ukrainian high-volume centers.

Conclusions

The improvement of the oncological prognosis for CRC patients
with synchronous LM who were treated after 2012 has been
shown. The adaptation of world experience algorithms and the
surgical strategy evolution have become the root cause of the
above. Important surgical prognostic factors for better OS
rates include standardizing regional lymph node removal, liver
re-resections and parenchyma sparing surgery implementation.
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Receiving of more the 15 courses CTx improved recurrence-free
survival rates.

Strengths

The strength of the study follows the multivariate analysis of
1118 CRC patients conducted, who were treated during last two
decades in a specialized center.

Limitations

Recurrence-free data was obtained fom 976 patients, which could
affect the results of multivisceral resection. We also understand
the low quality of the observation results for the time range
2000-2012 due to equipment problems. Moreover, diagnostic
radiological algorithms and intraoperative ultrasound technolo-
gies have been adopted from 2014 which have the huge impact on
the oncological results.
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