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Background. Other than location of the primary colorectal cancer (CRC), a few factors are known to influence the
intrahepatic distribution of colorectal cancer liver metastases (CRLM). We aimed to assess whether the anatomy of
the portal vein (PV) could influence the infrahepatic distribution of CRLM.

Patients and methods. Patients with CRLM diagnosed between January 2018 and December 2022 at two tertiary
centers were included and imaging was reviewed by two radiologists independently. Infra-operator concordance
was assessed according to the intraclass correlation coefficient (ICC). The influence of the diameter, angulation of
the PV branches and their variations on the number and distribution of CRLM were compared using Mann-Whitney,
Kruskal-Wallis, Pearson’s Chi-square and Spearman'’s correlation tests.

Results. Two hundred patients were included. ICC was high (> 0.90, P < 0.001). Infrahepatic CRLM distribution was
right-liver, left-liver unilateral and bilateral in 66 (33%), 24 (12%) and 110 patients (55%), respectively. Median number of
CRLM was 3 (1-7). Type 1, 2 and 3 portal vein variations were observed in 156 (78%), 19 (9.5%) and 25 (12%) patients,
respectively. CRLM unilateral or bilateral distribution was not influenced by PV anatomical variations (P = 0.13), diam-
eter of the right (P = 0.90) or left (P = 0.50) PV branches, angulation of the right (P = 0.20) or left (P = 0.80) PV branches
and was independent from primary tumor localisation (P = 0.60). No correlations were found between CRLM number
and diameter (R: 0.093, P = 0.10) or angulation of the PV branches (R: 0.012, P = 0.83).

Conclusions. PV anatomy does not seem to influence the distribution and number of CRLM.
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Introduction mon cause of death, with more than one million

deaths per year.! The liver is the most common or-
Colorectal cancer (CRC) is the third most common  gan of dissemination in patients with CRC. Between
cancer worldwide, with more than two million af-  15% and 25% of patients with CRC are diagnosed
fected patients in 2020, and the second most com-  with synchronous liver metastasis at the time of
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diagnosis; while up to 25% patients with non-met-
astatic CRC will develop liver metastases within
five years following initial diagnosis.® In associa-
tion with chemotherapy, surgery remains the only
curative option for patients with colorectal liver
metastases (CRLM).* Considerations when assess-
ing resectability of CRLM usually take into account
technical aspects such as tumour relationship to
vascular inflow, outflow, and biliary drainage but
also liver disease burden (i.e. size and number).5

The number and size of CRLMs are well-known
prognostic markers of disease>®, however, little is
known about the factors influencing CRLM in-
trahepatic distribution. Primary colorectal can-
cer localization has already been described as a
factor determining CRLM intrahepatic distribu-
tion, although evidence is conflicting. Several
authors have hypothesized that the portal vein
(PV) ‘streamline flow’, resulting in cells moving
in different layers, may influence CRLM intrahe-
patic distribution.” Indeed, since the PV is formed
by the confluence of the superior mesenteric and
splenic vein, it has been theorized that venous
blood flow from mesenteric veins mix incomplete-
ly in the PV resulting in a disproportionate lobar
distribution within the liver due to superior mes-
enteric venous drainage preferentially directed to-
wards the right liver.0

On the other hand, it has already been shown
that right portal vein (RPV) diameter is larger than
left portal vein (LPV) diameter (principally re-
lated to the higher right liver volume)!''? and that
PV flow volume tends to change in proportion to
changes in PV cross-sectional area'®, thus creating
disproportionate flow volume and metastatic po-
tential between the two hemi-livers. Finally, little is
known on the influence that PV variations, found
in up to 20-35% of individuals, might have in flow
volume changes and CRLM distribution.!*'> The
development of CRLM is a multifactorial process
and knowledge of potential PV anatomy influence
on the CRLM distribution could enable to antici-
pate and tailor patient management and surveil-
lance. Indeed, a high metastatic burden of the right
or left liver related with PV variations could influ-
ence the choice of an anatomical liver resection
(due to the higher risk of missing lesions) or pa-
renchyma-sparing liver surgery in case of multiple
CRLM. Since no study has assessed the influence
of PV diameter and consequently flow volume on
CRLM intrahepatic distribution so far, the aim of
the present study was to evaluate the influence of
PV parameters and anatomical variations on intra-
hepatic distribution of CRLM.

Patients and methods
Study population

Between January 2018 and December 2022, data of
all consecutive patients undergoing curative liver
resection for CRLMs were retrieved from a pro-
spectively collected database at two tertiary hepa-
tobiliary centres. Histologic confirmation of CRLM
was obtained by examination of resected speci-
mens. Patients with previous hepatectomy and
those for whom computed tomography (CT) and
magnetic resonance imaging (MRI) were not avail-
able or uninterpretable were excluded. Previous
primary CRC resection was not an exclusion crite-
rion. Patients with histologically proven cirrhosis
and those presenting with severe liver dysmorphy
or segmental/lobar atrophy were also excluded.!
This study was approved by the institutional re-
view board (number: AAA-2023-09046).

Patient and tumour characteristics

The collected data included baseline patients’ de-
mographic data, primary tumour location, syn-
chronous or metachronous diagnosis of CRLM,
resected primary CRC, tumour node metastasis
(TNM) classification tumour stage and RAS, BRAF
tumour mutational status as well as microsatellite
instability (MSI) or stability (MSS) status. Patients
with primary CRC located between the cecum and
transverse colon were included in the right-sided
colon group while patients with CRC located be-
tween the splenic flexure and the recto-sigmoid
junction were included in the left-sided colon
group. Rectal cancer was divided into high rectum
group and a low and medium rectum group, re-
lated to different venous drainage axes.'”

Computed tomography imaging and
analyses

For this retrospective study, each set of CT and
MRI images of individual patients of the two cen-
tres were reviewed, in a random manner, follow-
ing anonymization using a picture archiving and
communication system workstation (DirectView,
v. 11.3, Carestream Health, Rochester, NY) by two
radiologists (with 12 and 10 years of experience in
abdominal imaging, respectively).

All abdominal CT and MRI examinations were
performed before induction of chemotherapy to
decrease missing-metastasis biases using a multi-
detector CT (64-detector) scanners from different
manufacturers. CT acquisitions covered the en-
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TABLE 1. Bilateral, right and left unilateral distribution of colorectal liver metastases and vascular anatomy
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Overall,

Bilateral

Right unilateral

Left unilateral

Characteristics N = 200° N =110 (55%)° N = 66 (33%)° N = 24 (12%)° Pvalue®
Patient
Age (years) 64 (57-71) 63 (53-70) 65 (58-74) 67 (63-71) 0.02
Gender: female 81 (41) 47 (43) 29 (44) 5(21) 0.1
BMI (kg/m2) 24 (21.0—27.0) 24 (21.0—27.0) 24 (22.0—26.0) 24 (23.0—27.3) 0.70
Primitive tumor location 0.60
Right colon 34 (17) 16 (15) 12 (18) 6 (25)
Left colon 112 (57) 60 (56) 38 (58) 14 (58)
Rectum 52 (26) 32 (30) 16 (24) 4(17)
T stage 0.60
0-2 31 (18) 15 (17) 10 (17) 6 (26)
3-4 139 (82) 74 (83) 48 (83) 17 (74)
N stage 0.80
0 66 (40) 33 (38) 23 (43) 10 (43)
=2 98 (60) 55 (63) 30 (57) 13 (57)
KRAS mutation 60 (30) 33 (30) 20 (30) 7 (29) >0.90
BRAF mutation 6 (3) 4(3.6) 2 (3) 0 (0) >0.90
MSI 4(2) 2(1.8) 1(1.5) 1(4.2) 0.60
Number of CRLM 3(1-7) 6 (4-11) 1(1-3) 1(1-1) <0.01
Synchronous CRLM 140 (70) 87 (79) 38 (58) 15 (63) 0.01
Vascular
PV variations 0.13
Type 1 156 (78) 88 (80) 51 (77) 17 (71)
Type 2 19 (9.5) 13 (12) 3(4.5) 3(13)
Type 3 25 (13) 9(8.2) 12 (18) 4(17)
PV diameter
Main trunk 13.5 (12.4-15) 13.3 (12.4-15) 13.7 (12.50-15) 13.8 (12.15-14.20 >0.90
RPV 11.3 (10.0-12.9) 11.4 (10.0-13.0) 11.3 (10.0-12.6) 11.3 (10.3-12.1) 0.90
LPV 10.7 (9.6-12.0) 10.7 (9.6-12.0) 10.5 (9.0-11.9) 10.9 (10.1-12.0) 0.50
Ratio diameter RPV/LPV 1.1 (0.9-1.2) 1.1 (0.9-1.2) 1.1 (1.0-1.3) 1.1 (0.9-1.2) 0.40
PV branches angulation
RPV 153 (142-163) 151 (140-162) 155 (145-168) 158 (147-164) 0.20
LPV 97 (80-115) 98 (77-113) 97 (81-118) 98 (84-116) 0.80
Predominant PV branche 0.50
RPV 123 (67) 67 (67) 43(70) 13 (57)
LPV 61 (33) 33 (33) 18(30) 10 (43)
Arterial variations
Right hepatic artery 22 (11) 13 (12) 8 (12) 1(4.2) 0.70
Left hepatic artery 24 (12) 12 (11) 8(12) 4(17) 0.70

@ =n (%), median (interquartile range, IQR); © = Fisher's exact test, Kruskal-Wallis; < = primitive branch of the portal vein presenting the largest cross-sectional area

BMI = body mass index; CRLM = indicates colorectal cancer liver metastasis; LPV = left portal vein; MSI = microsatellite instability; PV = portal vein; RPV = right portal vein
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LPV angulation

FIGURE 1. Measurements of right portal vein and left portal
vein angulation.

RPV =right portal vein, LPV = left portal vein

tire abdomen and pelvis. To examine the anatomy
of the PV, all examinations included at least an
acquisition during the portal-venous phase per-
formed after a delay of 70 to 80 s after intravenous
administration of iodinated contrast material.
Portal-venous phase was defined when all portal
branches and hepatic veins were fully enhanced.
The number of CRLM was assessed using MRI
examinations including T2-weighted sequences,
diffusion weighted sequences, T1 DIXON weight-
ed sequences and T1 with fat saturation with and
without gadolinium-chelate enhanced images. MR
images were acquired on a 1.5T Siemens Avanto
(centre 1 and 2) and a 3T Siemens Skyra (centre 1)
scanner. CT exams were acquired using three di-
mensional acquisitions, thickness of 0.6mm, au-
tomatic z-axis-modulation and optimized noise.
Characteristics of the different MRI protocols in
the two centres are summarized in Supplementary
Table 1.

Portal vein anatomy and CRLM
intrahepatic distribution

Common anatomic variations of the PV were iden-
tified and recorded as previously described.>!®
Normal PV anatomy included division of the PV
into right and left branches immediately before
reaching the liver, with further division of the right
portal branch into anterior and posterior sectorial
branches (Type 1). Type 2 PV variation included
PV trifurcation with left portal branch and both

right sectorial portal branches sharing the same
origin. Type 3 variation included right anterior sec-
torial branch arising from the left PV. The follow-
ing imaging PV parameters were finally recorded:
(1) The primitive branch of the PV presenting the
largest cross-sectional area was also recorded and
defined as the predominant PV branch (right or
left). (2) PV diameter of the main PV, the primitive
RPV and LPV measured just before and after main
PV bifurcation using previously published meth-
0ds.” (3) RPV and LPV angulations were measured
as follows: after three-dimensional-reconstruction
in the plane of the PV, the angle between the last
segment of the PV and the initial segment of RPV
and LPV lumens were calculated using previously
published methods (Figure 1).%° For type 2 portal
anatomy variations, the diameter of the right and
left anterior sectorial branches were summed up
and angulations averaged for the right liver. For
patients with a type 3 PV variation CRLM localized
in the anterior sector (segments 5 and 8) were at-
tributed to the left liver, given the fact that right an-
terior segmental branch originated from the LPV.

Intrahepatic distribution of CRLM was record-
ed as follows: the number of CRLM as well as their
segmental location were recorded according to the
Couinaud segment classification.! The left liver
was composed of segments 2, 3, 4 while the right
liver included segments 5, 6, 7 and 8. Lesions lo-
cated in segment 1 were considered independently
given the specificity of portal vein vasculariza-
tion.?

Statistical analysis

The distribution of quantitative variables was as-
sessed using the Shapiro-Wilk test. Quantitative
variables were reported as means + standard de-
viations (SD) or medians with 25-75 interquartile
range (IQR) depending on their distribution® and
were compared using the Mann-Whitney, Kruskal-
Wallis or Student t-test as appropriate. Categorical
variables were expressed as raw numbers, propor-
tions and percentages and were compared using
Pearson’s Chi-square or Fisher’s exact test as ap-
propriate. Intra-class correlation coefficient (ICC)
based on a two-way random effects model was
used to determine the reliability of the measure-
ments between the two radiologists.?* ICC between
0.00 and 0.20; 0.21 and 0.40; 0.41 and 0.60; 0.61 and
0.80; and 0.81 and 1.00, indicated slight, fair, mod-
erate, substantial, and almost perfect agreement.
Correlations between portal vein diameter, angu-
lation and number of CRLM in the relevant liver
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Patients undergoing curative liver resection
for CRLM (January 2018 - December 2022)
n=245

Missing data
n=43

Patients with available imaging studies

n=202
Previous hepatectomy, n =1
Severe liver dysmorphy, n=1
Final population
n=200

FIGURE 2. Patient flowchart.

CRLM = colorectal liver metastasis

segment were evaluated using Spearman correla-
tion tests. Sensitivity analysis involved subgroup
comparison of patients presenting only unilateral
(right and left) CRLM and patients presenting
a single CRLM to account for early stage of dis-
ease. All statistical tests were two-tailed, with P <
0.05 considered to indicate statistically significant
differences. All analyses were performed using
RStudio statistical software (Version 1.4.1103 ©
2009-2021 RStudio, Inc).

Results

Study population and baseline
characteristics

During the study period, 245 patients were diag-
nosed with CRLM. Among these patients, 45 (18%)
patients were excluded due to missing data (n =
43), previous hepatectomy (n = 1) and presence of
liver dysmorphia related to cirrhosis (n = 1). The
final population included 200 patients (Figure 2).
Median age was 64 years (Q1, Q3: 57, 71) and 41%
were females. CRLM were predominant in the
right liver with 807 (65%) lesions compared to 436
(35%) lesions in the left liver (P < 0.01). The major-
ity of patients (70%) presented with synchronous
CRLM and were more often bilateral than unilat-
eral (55% vs. 45%; P = 0.01). Among patients with
unilateral lesions 24 (12%) were localized only in
the left liver and 66 (33%) only in the right liver.
Primary tumour location was left-sided in 112
(57%) patients, right-sided in 34 (17%) patients and
rectal in 52 (26%) patients. The majority of patients
(82%) presented a T3-T4 primary tumour stage.

Radiol Oncol 2024; 58(3): 376-385.

Patient characteristics were similar between unilat-
eral right, left and bilateral CRLM and are detailed
in Table 1.

Type 1 portal vein anatomy was most frequent-
ly observed with 156 (78%) patients while 19 (9.5%)
patients had a type 2 and 25 (12%) patients a type 3
variation. Arterial variations consisted in the pres-
ence of an accessory left hepatic artery in 24 (12%)
patients and an accessory right hepatic artery in
22 (11%) patients. The median diameter of the
main PV was 13.5 mm (Q1, Q3: 124, 15), and RPV
11.3 mm (Q1, Q3: 10, 12.9) was significantly larger
than the LPV 10.7 mm (Q1, Q3: 9.6, 12) (P = 0.002).
Overall, 123 (61.5%) patients presented a predomi-
nant (branch with the largest cross-sectional area)
RPV and 61 patients (30.5%) a predominant LPV,
while 16 (8%) patients presented an identical di-
ameter. The median angulation of the RPV and
LPV was 153° (Q1, Q3: 142, 163°) and 97° (Q1, Q3:
80, 115°), respectively (P < 0.001). Liver vascular
anatomy is detailed in Table 1.

Portal vein anatomy and intrahepatic
distribution of colorectal cancer liver
metastases

ICC between radiologists was excellent in the eval-
uation of the number and intrahepatic distribution
of CRLM (0.99; 95% CI: 0.99-1.00; P <0.001) and PV
angulation measurements (0.97; 95% CI: 0.93-0.99;
P <0.001) and was very good for PV diameter and
variations measurements (0.86; 95% CI: 0.73-0.99;
P <0.001).

The median diameter of the main PV in bilat-
eral, unilateral right and left liver CRLM was 13.3
mm (Q1, Q3: 124, 15), 13.7 mm (Q1, Q3: 12.5, 15)
and 13.8 mm (Q1, Q3: 12.1, 14.2), respectively and
no significant differences were found (P > 0.90).
Accordingly, the median RPV diameter was 11.4
mm (Q1, Q3: 10, 13), 11.3 mm (Q1, Q3: 10, 12.6) and
11.3 mm (Q1, Q3: 10.3, 12.1) (P = 0.90) and median
LPV diameter was 10.7 mm (Q1, Q3: 9.6, 12), 10.5
mm (9, 11.9) and 10.9 mm (Q1, Q3: 10.1, 12) (P = 0.50).
Concerning PV branch angulations, the median
angulation of the RPV was 151° (Q1, Q3: 140, 162)
for the bilateral distribution of CRLM, 155° (Ql,
Q3: 145 - 168) for the right unilateral, 158° (Q1, Q3:
147, 164) for the left unilateral (P = 0.20) and the me-
dian angle of the LPV was 98° (Q1, Q3: 77, 113) for
the bilateral distribution of CRLM, 97° (Q1, Q3: 81,
118) for right unilateral and 98° (Q1, Q3: 84, 116) for
left unilateral (P = 0.80). Finally, unilateral - bilat-
eral CRLM intrahepatic distribution was also in-
dependent of PV variations. Type 1 anatomy of the
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PV was present in 88 patients (80%) for bilateral,
in 51 patients (77%) for unilateral right and in 17
patients (71%) for unilateral left distribution (P =
0.13). Characteristics of the PV anatomy according
to bilateral, unilateral right and left CRLM intrahe-
patic distribution are detailed in Table 1.

In subgroup analysis, considering only patients
with unilateral CRLM or patients with a predomi-
nant RPV or LPV no significant associations be-
tween the intrahepatic distribution of CRLM and
PV anatomy were found. Subgroup left unilateral
versus right unilateral analysis and RPV versus
LPV predominance are detailed in Table 2 and 3,
respectively.

Finally, among 56 patients with a single CRLM,
37 patients (66%) presented a single metastasis in
the right liver, and 19 patients (34%) presented a
single metastasis in the left liver. Right and left in-
trahepatic distribution was independent of the di-
ameter of the PV (P > 0.90), the RPV (P = 0.60) and
LPV (P = 0.50), as well as the RPV (P = 0.50) and
LPV (P = 0.50) angulation and PV anatomy varia-
tions (P = 0.80).

Portal vein anatomy variations and
number of CRLM

Opverall, the median number of CRLM was 3 (Q1,
Q3:1, 7). The median number of CRLM was signifi-
cantly greater both in the bilateral CRLM group (6;
Q1, Q3: 4, 11) by comparison with those in the uni-
lateral group (1; Q1, Q3:1, 2) (P <0.01) and the right
unilateral group (1; Q1, Q3: 1, 3) when compared
to the left unilateral (1; IQR: 1, 1) (P = 0.03). There
was no significant correlation between the number
of CRLM in the corresponding hemi-liver and the
diameter (R: 0.093; 95% CI: 0.08-0.12; P = 0.10) or
the angulation of the PV branches (R: 0.012; 95%
CI: 0.009-0.02; P = 0.83). Relation between diameter
and PV branches angulation and number of CRLM
are presented in Figure 3A and 3B, respectively.
The number of CRLM in the right liver (P = 0.40),
in the left liver (P = 0.60) and the number of affect-
ed segments in the right (P = 0.60) and in the left
liver (P = 0.70) did not significantly differ accord-
ing to the side of the predominant portal branch.

Primitive CRC and CRLM intrahepatic
distribution

The intrahepatic distribution of CRLM in right-
sided CRC was bilateral in 16 (49%) patients, left
unilateral for 6 (18%) patients, right unilateral in 11
(33%) patients, whereas for left-sided CRC, CRLM
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TABLE 2. Unilateral right and left distribution of colorectal liver metastases and

portal anatomy

Right unilateral,

Left unilateral,

Characteristics, N = 66 (73%)° N = 24 (27%)° p-value®
Number of CRLM 1(1-3) 1(1-1) 0.03
PV variations 0.50
Type 1 51(77) 17 (71)
Type 2 3 (4.5) 3(13)
Type 3 12 (18) 4 (17)
PV diameter
Main trunk 13.7 (12.5-15.0) 13.8 (12.2-14.2) 0.70
RPV 11.3 (10.0-12.¢) 11.3 (10.3-12.1) 0.60
LPV 10.5 (9.0-11.9) 10.9 (10.1-12) 0.20
Ratio diameter RPV/LPV 1.1 (1.0-1.3) 1.1 (0.9-1.2) 0.20
PV branches
angulation
RPV 155 (145-168) 158 (147-164) >0.90
LPV 97 (81-118) 98 (84-116) 0.90
Predominant PVe 0.30
RPV 43 (70) 13 (57)
LPV 18 (30) 10 (43)

@ =n (%), median (inferquartile range, IQR); ® = Fisher's exact test, Kruskal-Wallis; ¢ = primitive

branch of the portal vein presenting the largest cross-sectional area

CRLM = colorectal liver metastasis; LPV = left portal vein; PV = portal vein; RPV =right portal vein

were bilateral in 79 (56%) patients, right unilateral
in 47 (33%) patients, left unilateral in 16 (11%) pa-
tients (P = 0.60). No differences in median number
of total CRLM were found between right-sided (2;
Q1, Q3: 1, 6) and left-sided (3; Q1, Q3: 1, 8) CRC
was (P =0.20). Finally, the ratio of right to left liver
CRLM was 1 (Q1, Q3: 1.0, 1.3) for right-sided and
1.1 (Q1, Q3: 1.0, 3.0) for left-sided CRC (P = 0.20)
(Table 4).

Discussion

Few factors are known to influence the intrahe-
patic distribution of CRLM. Primary CRC localiza-
tion has already been described as a factor deter-
mining intrahepatic CRLM distribution, although
evidence is conflicting.81%%-2" The aim of this study
was to assess whether the anatomy of the portal
vein (PV), through variations in blood flow, as well
as its anatomical variations could have an influ-
ence on the topography of CRLM. No significant
difference in the distribution of CRLM in relation

Radiol Oncol 2024; 58(3): 376-385.
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Portal vein B8 Left portal branch %/ Right portal branch
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FIGURE 3. Graphs show correlation between portal vein branches’ diameter (A), angulation (B) and the number of colorectal liver metastases
(CRLM).

R = Spearman’s correlation coefficient

TABLE 3. Predominance of right portal vein (RPV) or left portal vein (LPV) and
intfrahepatic distribution of colorectal liver metastasis (CRLM)

Predominant RPV

Predominant LPV

Characteristics N = 123 (67%)eb< N = 61 (33%)ob< p-valued
Distribution of CRLM 0.50
Bilateral 67 (54) 33 (54)
Right unilateral 43 (35) 18 (30)
Left unilateral 13 (11) 10 (16)
Number of segments
involved (right liver) 2(1-3) 2(1-3) 0.60
Number of segments
involved (left liver) 1(0-2) 1(0-2) 0
Total f
ngMnumber o 3(1-8) 401-5) 0.70
Number of CRLM
in the right liver 2(1-5) 2 (1-4) 040
Number of CRLM
in the left liver 1(0-3) 1(0-2) 0:60
Ratio number of
CRLM right/left liver 1 E=kio] e 0.70
Ratio number of CRLM
per segment (right 1(1.0-2.0) 1(1.0-2.0) 0.60
liver)
Ratio number of CRLM 1 (1.0-1.8) 1 (1.0-2.0) >0.90

per segment (left liver)

@ =n (%), median (inferquartile range, IQR); © = primitive branch of the portal vein presenting
the largest cross-sectional area; ¢ = Sixteen patients presented an identical RPV and LPV

diameter and were excluded; ¢ = Fisher's exact test, Wilcoxon rank sum test

Radiol Oncol 2024; 58(3): 376-385.

with the PV anatomy were identified. Indeed, nei-
ther the presence of an anatomical variation of the
PV, nor a variation in diameter or angulation of the
PV and its branches appeared to have any impact
on the unilateral — bilateral distribution or in the
number of CRLM. Additionally, in this study we
did not find any correlation between the primary
tumour location and the intrahepatic distribution
of CRLM.

Spread of CRC to the liver is mainly hematog-
enous through the portal circulation.?® The PV is
formed by the confluence of the superior mesen-
teric and splenic vein and its flow volume tends
to change in proportion to changes in PV cross-
sectional area thus creating disproportionate flow
volume and metastatic potential between the two
hemi-livers.”®* Indeed, flow velocity depends on
pressure and flow resistance and according to
Poiseuille’s law, flow resistance depends on the ge-
ometry of the tube with the length and radius of
the tube. The diameter of the vessel is therefore an
important factor, among other parameters, modi-
fying blood flow.® It is known that the diameter
of the RPV is larger and the angle more open than
the diameter and angle of the LPV.!2 Diameter has
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been hypothesized to be linked to a higher blood
flow and hemi-liver volume.’? Consequently, we
hypothesized that since a larger diameter or a
more open angle of a portal branch, could lead
to an increase in blood flow, it could potentially
increase the metastatic potential in the segments
vascularized by these branches. Indeed, in our
study, patients” weight, height and gender, known
parameters influencing the diameter of PV and
its branches" were not different and although the
total number of CRLM was greater in the right
than in the left liver, individual diameter and an-
gulation variations of the PV branches were very
small and no direct relation with the number and
intrahepatic distribution of CRLM was found.
Moreover, anatomical variations of the PV in our
population were similar to current literature re-
portsl*!®> and were also independent of the CRLM
intrahepatic distribution.

The results of our study are in line with other
studies showing no influence of the primary CRC
location on the distribution of CRLM. Several
studies have shown an unequal intrahepatic distri-
bution of CRLM depending on the location of the
primary CRC and in based on the hypothesis was
that CRLM would be distributed differently in the
liver due to ‘streamline flow’ in the PV, linked to
the different venous drainage of the right and left
colon.” Results are not however unequivocal, with
some studies reporting an equivalent distribution
between right and left liver depending on the lo-
cation of the primary site?? and others report-
ing a preferential distribution of right-sided CRC
metastases in the right liver.51%?> Other intrinsic
tumour characteristics have also been described
as potential factors influencing CRLM anatomical
distribution. A recent study showed that CRLM
distribution may differ between different primary
tumours as is the case of breast cancer.® In their
study, the authors showed that breast cancer most
commonly affects the left liver lobe when com-
pared with CRLM and part of the reason seems
to be related to its diverse growth cell rate and
metastatic potential, tumour size, and histological
grade, the knowledge of which can have signifi-
cant therapeutic implications. Concerning CRLM,
although no intrinsic biologic tumour character-
istic responsible for the difference in liver metas-
tasis distribution has been clearly identified, gene
mutations are known as both prognostic factors
for survival and segmental location of the primary
CRC? and further studies are needed to extrapolate
the role of molecular patterns in CRLM anatomical
distribution.
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TABLE 4. Location of primary colorectal cancer and intrahepatic distribution of

colorectal cancer liver metastases

Right colon
N =33 (19%)* N

Left colon

= 142 (81%) P-valve®

Distribution of CRLM

Bilateral 16 (49)
Right unilateral 11 (33)
Left unilateral 6 (18)
Number of CRLM 2 (1-6)
Number of CRLM in the right liver 1(1-3)

Number of CRLM in the left liver 1(0-2)

Ratio number of CRLM right/ left liver 1(1-1)

79 (56)
47 (33)
16 (1)
3(1-8)
2 (1-5)
1(0-3)
1(1-3)

0.60

0.20
0.12
0.70
0.20

°=n (%), median (interquartile range, IQR); ® = Fisher's exact test, Wilcoxon rank sum test

CRC = colorectal cancer; CRLM = indicates colorectal liver metastasis

To our knowledge, this is the first study to in-
vestigate the effect of different parameters of the
portal anatomy over the topography of CRLM.
Robustness of our results are supported by in-
dependent image analysis by two radiologists
with almost perfect inter-operator concordance.
Moreover, our sensitivity analyses performed in
the subgroup of patients presenting only unilat-
eral and only single CRLM (to compare patients
with similar metastatic liver tumour burden)
further strengthen our findings.® Nevertheless,
this study presents some limitations. Patients are
not diagnosed at the same time in the course of
their disease, and therefore it is unknown if portal
blood flow could be related with the intrahepatic
distribution of CRLM at different timepoints of
disease. Moreover, patients with synchronous and
metachronous liver CRLM were included and al-
ready known differences in the oncologic behav-
iour of synchronous CRLM may have influenced
our results. Indeed, patients with synchronous
CRLM are known to have a higher number of le-
sions, a billboard distribution at diagnosis and
a worse prognosis.’! Furthermore, the underly-
ing liver parenchyma characteristics (cirrhosis,
nodular regenerative hyperplasia and ultimately
chemotherapy-induced sinusoidal obstruction
syndrome) non-available in this study may have
further influenced liver venous flow (notably por-
tal vein diameter and portal venous flow increase
as already described®?%%) and thus CRLM distribu-
tion regardless of the PV anatomy, however, this
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bias is likely to be limited due to exclusion of all
patients with histologically proven liver cirrhosis.

Although negative, this study could have had
an impact in tailoring CRLM surgical management
if a potential influence of PV anatomy on CRLM
intrahepatic distribution had been confirmed. For
example, a hypothetical correlation of right-sided
CRLM liver distribution and predominant RPV or
type 3 PV anatomy in patients with multiple le-
sions could have influenced the surgeon’s choice
to perform an anatomical liver resection (i.e. right-
hepatectomy) rather than a parenchyma-sparing
liver surgery (if lesions were accessible to both
treatments) to lower the high risk of missing le-
sions in the remaining right liver. Nevertheless,
since no significant relationship has been dem-
onstrated, parenchymal sparing liver strategies
should remain the first objective whenever pos-
sible* enabling repeated liver resections, when
necessary, since surgery remains the best curative
treatment in CRLM.

In conclusion, the present study did not find
any significant impact of the PV anatomy, nor pri-
mary CRC tumour location, on the distribution
and number of CRLM. Future studies could focus
on liver parenchymal and Doppler PV flow char-
acteristics, not studied here, to further investigate
potential predictive factors.
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