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Abstract

Introduction: The microarchitecture of liver metastases (LMs), or histopathological growth pattern (HGP), has been dem-
onstrated to be a significant prognostic factor in patients undergoing resection of colorectal liver metastases (CRLMs).
Currently, however, HGP can be only determined on the operative specimen. Therefore, the development of new tools to
predict the HGP of CRLMs before surgery and to understand the mechanisms that drive these patterns is important for
improving individualization of therapeutic management. In this study, we analyzed data from a retrospective series of
patients who underwent surgery for CRLMs to compare primary tumor characteristics, including markers of local aggres-
siveness and migratory capacity, and HGP of liver metastases. Methods: Data from a retrospective series of 167 patients
who underwent curative-intent resection of CRLMs and in whom pathological samples from both primary tumor and liver
metastases were available were reviewed. At the primary tumor level, KRAS mutational status, grade of differentiation, and
tumor budding were assessed. HGP was scored in each resected CRLM, according to consensus guidelines, and classified
as desmoplastic ({HGP) or non-desmoplastic (non-dHGP). Associations between primary tumor characteristics and HGP
of CRLMs were evaluated using a binary logistic regression model. Overall survival and disease-free survival were evalu-
ated using Kaplan-Meier and multivariable Cox regression analyses. Results: CRLMs were classified as dHGP in 36% of
the patients and as non-dHGP in 64%. Higher rates of moderately or poorly differentiated primary tumors were observed
in the non-dHGP CRLM group (80%), as compared with the dHGP group (60%) (OR=3.6; 95%CI: 1.6-7.05; p=0.001).
Higher rates of tumor budding were observed in the non-dHGP CRLM group, with a median tumor budding value of 4
as compared with 2.5 in the dHGP group (p=0.042). In the entire series, 5-year overall and disease-free survival were
43% and 32.5%, respectively. The non-dHGP CRLM group had worse post-hepatectomy survival, with 5-year overall and
disease-free survival of 32.2% and 24.6%, respectively, as compared with 60.8% and 45.9%, respectively, for the dHGP
group (p=0.02). Conclusion: Colorectal tumors with moderate or poor differentiation and those with high tumor budding
are more frequently associated with CRLMs with a non-dHGP. This suggests that primary tumor characteristics of local
aggressiveness and migratory capacity could preferentially promote the development of CRLMs with an infiltrating pattern
and that these parameters should be considered as part of new scores for predicting HGP before surgery. This finding may
stimulate new lines of research for more individualized therapeutic decision in patients with CRLM candidate to surgery.
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dHGP Desmoplastic histological growth pattern
HE Hematoxylin and eosin

HGP Histological growth pattern

HR Hazard ratio

IQR Interquartile range

KRAS Kirsten RAt Sarcoma virus gene

NACT Neoadjuvant chemotherapy

non-dHGP  Non-desmoplastic histological growth pattern
(0N Overall survival

pHGP Pushing histological growth pattern

PTB Primary tumor budding

rHGP Replacement histological growth pattern
SD Standard deviation

TLI Tumor-to-liver interface

VIF Variance inflation factor

WHO World Health Organization
Introduction

Surgery remains the only potentially curative treatment in
patients with isolated colorectal liver metastases (CRLMs)
[1, 2]. Currently, however, in the absence of accurate selec-
tion criteria [3], the majority of patients who undergo sur-
gery with curative-intent for CRLMs still recur after surgery,
including a significant proportion with rapid and aggressive
relapses who carry a very poor prognosis [4—6]. Accord-
ingly, the identification of new (bio)markers of metastatic
behavior would represent major progress for improving the
oncosurgical management of these patients.

Among various candidate markers, histopathological
growth pattern (HGP) has now been demonstrated to be
a robust prognostic factor in patients undergoing surgical
resection for CRLMs [7—13]. Better postoperative outcomes
have been reproducibly reported in patients who under-
went surgery for CRLMs with desmoplastic HGP (dHGP),
characterized by a peritumor fibrous rim, neoangiogenesis,
and dense immune infiltrate at the tumor-to-liver inter-
face (TLI), as compared with those with replacement HGP
(rHGP), characterized by a more infiltrating form, without
peritumor desmoplastic reaction, and with a direct growth
of cancer cells into the liver parenchyma, vessel co-option,
or and minimal-to-absent immune infiltrate at the TLI [8, 9,
12, 13].

The reproducibility of the prognostic value of HGP in
patients undergoing surgery for CRLM strongly suggests
that the tumor microenvironment of the liver metastases
may accurately reflect the type of metastatic behavior in
individual cases. Currently, however, the HGP status of each
patient’s CRLM can only be assessed by the complete path-
ological analysis of the entire TLI of each resected lesion.
Targeted biopsies and dedicated imaging techniques are not
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able to distinguish between liver metastases with dHGP or
rHGP before resection. Therefore, this information cannot
be included in decision-making therapeutic algorithms for
patients who are potentially candidates for surgery. Accord-
ingly, the development of new tools to predict the HGP of
CRLMs before surgery, such as dedicated imaging methods
[14-16], and a better understanding of the driving mecha-
nisms that lead to the development of liver metastases with
distinct patterns could be important for improving individu-
alized therapeutic management of these patients.

From this perspective, it can be hypothesized that pri-
mary tumor characteristics may play an important role in
influencing the development of liver metastases with differ-
ent pathological features. To evaluate this, we analyzed data
for a retrospective series of patients who underwent surgery
for CRLMs and compared primary tumor characteristics,
including markers of local aggressiveness and migratory
capacity, and HGP of liver metastases.

Patients and methods
Study population

Data from a consecutive series of patients who underwent
curative-intent resection of CRLMs between January 2005
and December 2020 at Institut Jules Bordet and Hopital
Erasme (N=444), Université Libre de Bruxelles, were ret-
rospectively analyzed. Two hundred and fifty-eight patients,
in whom both the hematoxylin and eosin (HE)-stained tis-
sue sections of the primary colorectal cancer invasive border
and of the entire TLI of the resected CRLMs were available,
were included. Among them, 91 were excluded due to lack
of data for evaluation of primary tumor budding (PTB), due
to mucinous changes (n=18), due to modifications induced
by preoperative chemoradiotherapy (n=50), or due to the
lack of data for scoring HGP in CRLMs in the case of com-
plete pathological response to preoperative chemotherapy
(n=23), leading to a study population of 167 patients (Flow
chart, Fig. 1). The study was approved by the Ethical Com-
mittees of both institutions (CE2953, P2019/232).

Clinicopathologic and surgical data

Demographic data, primary tumor and CRLM clinicopatho-
logic characteristics, and data on associated treatments were
collected (Table 1). In each patient, the Clinical Risk Score
(CRS) was calculated according to Fong, ranging from 0
to 5 [17]. Low- and high-risk CRS were defined as CRS
scores between 0 and 2, or > 2, respectively [17, 18]. Che-
motherapy was defined as neoadjuvant (NACT) or adju-
vant when given before or after the surgery for the primary
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Fig. 1 Flowchart of the included
patients

Patients with available HE slides of primary CRC and of LM,
n=258

Exclusion of 91 patients:

a) Impossibility to evaluate primary tumor budding or differentiation, n=68,
due to mucinous changes (n=18) or major/complete pathological response
to neoadjuvant chemoradiotherapy (n=50)

b) Impossibility to score HGP of CRLM due to complete pathological
fesponse to preoperative chemotherapy, n=23

Included patients: n= 167

Table 1 Clinicopathological characteristics of the patient population and comparisons between patients with desmoplastic and non-desmoplastic

histological growth patterns

Overall popula-  dHGP (n=60)  Non-dHGP P Multivariate rergression
tion (n=167) (n=107) analysis
OR P
Age, years (mean +sd) 63.3+10.1 62.2+9 64+10.7 0.122
Female sex 101 (60.5%) 38 (63.3%) 63 (58.9%) 0.623
Colonic localization
Right colonic 23 (13.8%) 8 (13.3%) 15 (14%) 1
Transverse colon 12 (7.2%) 4 (6.7%) 8 (7.5%) 1
Left colon 86 (51.5%) 34 (56.7%) 52 (48.6%) 0.337
Rectal 46 (27.5%) 14 (23.3%) 32 (29.9%) 0.470
KRAS mutation (missing: 23) 54 (38%) 19 (37.3%) 35 (38.3%) 1
T3-4 134 (80.2%) 51 (85%) 83 (77.5%) 0.827
LN+ (missing=9) 108 (68.4%) 41 (69.5%) 67 (67.7%) 0.861
Synchronous 122 (73%) 45 (75%) 77 (72%) 0.719
CEA>200 (missing=15) 15 (9.3%) 5(8.6%) 10 (9.7%) 1
Multiple LMs 116 (69.5%) 44 (73.3%) 72 (67.3%) 0.485
Diam > 50 mm (missing=1) 40 (24.1%) 12 (20.3%) 28 (26.2%) 0.452
High risk CRS (3-5) 82 (49.1%) 32 (53.3%) 50 (46.7%) 0.621
Differentiation (Well vs. others) 0.001 2.7(1.29-5.62) 0.008
Well 47 (28.1%) 26 (43.3%) 21 (19.6%)
Moderate 110 (65.9%) 27 (45%) 83 (77.6%)
Poor 10 (6%) 7 (11.7%) 3 (2.8%)
Tumor Budding cont (med [IQR]) 4 [6] 2.5[4] 4 [6] 0.042 0.94 (0.88-1.02) 0.122
TB categories 0.282
Grade 1 (0-4) 99 (59.3%) 39 (65%) 60 (56.1%)
Grade 2 (5-9) 45 (26.9%) 16 (26.7%) 29 (27.1%)
Grade 3 (>10) 23 (13.8%) 5(8.3%) 18 (16.8%)
Absent budding 31 (19.1%) 11 (19%) 20 (19.2%) 1
Preoperative chemotherapy 102 (61.8%) 45 (77.6%) 57 (53.3%) 0.001 2.59 (1.23-5.47) 0.013

Abbreviations: CEA =carcinoembryonic antigen; CRS =clinical risk score; dHGP = desmoplastic histological growth pattern; non-dHGP =non-
desmoplastic histological growth pattern; KRAS=Kirsten rat sarcoma viral oncogene homolog; LMs, liver metastases; LN +=1lymph node

positive; TB =tumor budding; IQR =interquartile range
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tumor, respectively, and preoperative or postoperative when
given within the 6 months before or after liver surgery,
respectively.

Primary tumor pathological analyses

The analyses of the primary tumors were carried out by an
expert pathologist in the field (PD), assisted by a PhD can-
didate (AB) and a surgical fellow student (CT), blinded to
patient and HGP data. For each colorectal tumor, all of the
HE slides at the invasive border were assessed and the most
representative field was selected at 40X magnification. At
this magnification, the grade of tumor differentiation (well,
moderately, or poorly differentiated) was scored according
to WHO criteria [19]. PTB was evaluated according to inter-
national guidelines [20]. The presence of buds, defined by
the identification of a single cell or a group of a maximum of
4 cells detaching from the primary tumor at the level of the
cell tumor invasion front, was evaluated at 200X magnifica-
tion after selection of the most representative field at 40X
magnification. In each tumor, PTB was categorized, accord-
ing to current recommendations, into 4 grades, grade 0: no
buds, grade 1: 1 to 4 buds, grade 2: 5 to 9 buds, and grade 3:
>9 buds [20] (Fig. 2a and b).

Histopathological growth pattern of liver
metastases

HGPs were evaluated according to international consensus
guidelines [8]. In each patient, all available HE sections of
the TLI of all available metastases were evaluated using
light microscopy. All tissue sections were examined dur-
ing a consensus HGP scoring session with three research-
ers, including 2 experienced pathologists (PD and PV). As

different HGPs can be observed in the same metastasis, any
HGP component of the interface with the adjacent liver was
considered, even when only present in a limited fraction.
According to the guidelines, in case of unique metastasis
or when multiple slides were available, the HGP was deter-
mined as the mean percentage of each HGP per slide. In
case of multiple metastases, the HGP was determined as the
mean between the different metastases [8].

The dHGP was defined as the presence of a characteristic
fibrotic rim surrounding the tumor with no direct liver cell-
to cancer-cell interaction. In this pattern, the blood supply
relies on angiogenesis, mirrored by endothelial proliferation
and regions of high vessel density, called “hot spots”. The
rHGP was defined as the absence of a peri-tumor fibrous rim.
In these cases, cancer cells replace the hepatocytes, mimic
the architecture of the surrounding liver parenchyma, and
co-opt the liver sinusoidal vasculature for blood supply. In
this form, there is often only a minimal or absent inflamma-
tory infiltrate (Fig. 3a and b). A third pattern, defined as the
pushing HGP (pHGP), was observed in rare cases. In these
cases, the liver metastasis pushes away and compresses the
surrounding liver tissue without fibrotic reaction. Similar to
dHGP, the metastatic architecture is distinct from the sur-
rounding hepatic parenchyma [8]. As it has been shown that
the most discriminant prognostic categorization is obtained
when comparing patients with a complete dHGP of all
CRLMs with those in whom any of the metastases contain
any proportion of rHGP or pHGP [8], we identified patients
as dHGP or non-dHGP. Due to a minimal representation of
patients classified as 100% desmoplastic in our retrospective
cohort, we categorized patients into dHGP when this pattern
represented > 95% of the TLI of all resected CRLMs, and
as non-dHGP when rHGP or pHGP was present in > 5% of
the TLI.

Fig. 2 H&E-stained slides of primary colorectal adenocarcinoma. a:
well differentiated colonic adenocarcinoma with low-grade tumor bud-
ding indicated by black arrow (Magnification 200X); b: moderately
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differentiated colonic adenocarcinoma with high-grade tumor budding
indicated by black arrows (Magnification 200X). H&E, hematoxylin
and eosin
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Fig. 3 H&E-stained slides of colorectal liver metastases (CRLMs).
a: CRLM with a dHGP showing the desmoplastic rim that separates
the tumor tissue from the liver parenchyma; b: CRLM with a rtHGP
showing regions where cancer cells grow into the liver cell plates and

Statistical analysis

The data were analyzed with the statistical software SPSS
version 28. Values are expressed as medians (interquartile
range [IQR]), means (standard deviations [SD]), or the num-
ber of patients with percentages. The median follow-up for
survivors was calculated using the reverse Kaplan—Meier
Method. Overall survival (OS) was defined as the time from
resection of liver metastases to death or loss to follow-up.
Disease-free survival (DFS) was defined as the time from
resection of liver metastasis to recurrence or death. Survival
estimates were obtained using the Kaplan—Meier method,
and compared with the log-rank test. The factors affecting
survival were evaluated using a univariate and multivari-
ate cox regression analysis. Potential multi-collinearity in
our Cox regression model was evaluated using the variance
inflation factor (VIF). The VIFs for all variables in the mul-
tivariable Cox regression were determined. A VIF value
below 3 indicates that there is no evidence of a multi-collin-
earity affecting the model, but should ideally be close to 1
[21, 22]. Proportional hazard regression results are reported
using hazard ratio (HR) and corresponding 95% confidence
interval (95%CI). Factors with a p- value of <0.1 in univari-
ate analysis were entered to a multivariate cox regression
model. As a result, KRAS mutation status, lymph node sta-
tus, and HGP were considered for multivariate analysis for
OS and DFS. In addition, multiple LMs was considered for
only DFS. A p-value p<0.05 was considered statistically
significant. For the comparison of the two groups (dHGP vs.
non-dHGP), medians and means were compared using the
Mann-Whitney U test and Student’s t test, respectively. Dif-
ferences in proportions were evaluated using the chi-square
test. Factors with a p-value < 0.05 were entered into a multi-
variate logistic regression model. A p-value < 0.05 was con-
sidered statistically significant.

replace the hepatocytes. Cancer cells are in contact with the hepato-
cytes. dHGP, desmoplastic histological growth pattern; H&E, hema-
toxylin and eosin; rHGP, replacement histological growth pattern

Results

Patient demographics and clinicopathological
characteristics of primary tumors and liver
metastases

The characteristics of the 167 patients are detailed in Table 1.
Briefly, mean age was 63.3+10.1 years and females rep-
resented 60.5% of the population. Primary tumors, includ-
ing rectal tumors in 27.5%, were classified as T3 or T4 in
80.2% and associated with nodal metastases in 68.4%. Data
for KRAS mutation evaluation were missing in 23 patients.
Among the remaining cases KRAS mutation was present in
54 patients (38%). Primary tumors were well, moderately,
and poorly differentiated in 28%, 66% and 6% of the cases,
respectively. The median PTB was 4 [IQR=6]. Grade I
PTB (0 to 4) was present in 99 patients (59.3%), of whom
31 patients (19.1% of the whole population) had no PTB,
Grade II was present in 45 patients (26.9%), and Grade 111
was present in 23 patients (13.8%).

For the CRLM, the majority of the patients had synchro-
nous (73%) and multiple (69.5%) metastases, leading to a
high-risk CRS in almost half of the cases (49.1%). Most
of the patients (61.8%) received preoperative chemotherapy
before surgery for CRLMs.

The mean number of slides analyzed per patient was
543 slides. In the entire series, the median percentage of
dHGP, rHGP, and pHGP was 68 [IQR =82], 32 [IQR=281],
and O[IQR =0], respectively. Overall, 60 patients (36%)
were scored with dHGP and 107 patients (64%) with non-
dHGP (Table 1).
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Associations between patient and primary tumor
characteristics and histopathological growth
pattern of the liver metastases

Overall, there was no difference between the groups of
patients with dHGP or non-dHGP in terms of demograph-
ics, primary tumor localization and stage, KRAS mutated
status, and extent of liver metastases (Table 1). Among
the primary tumor histological characteristics, an associa-
tion was observed between primary tumor differentiation
and PTB and the HGP of the liver metastases (Table 1). In
the non-dHGP group, 80% of the patients had moderately
or poorly differentiated primary tumors as compared with
60% in the dHGP group (p=0.001) (Table 1). In multivari-
able analysis, moderately and poorly differentiated primary
tumors remained independently associated with non-dHGP
(OR=3.36; 95%CI: 1.60-7.05; p=0.001) (Table 1). Simi-
larly, the presence of PTB appeared to be preferentially
associated with the development of CRLMs with a non-
dHGP (Table 1). The median PTB was 2.5 [IQR=4] in
the dHGP group as compared with a median 4 [IQR =6]
in the non-dHGP group (OR=0.93; 95%CI: 0.86-0.99;
p=0.042). This association did not reach statistical signifi-
cance in multivariable analysis (Table 1).

Finally, the development of CRLMs with dHGP appeared
to be significantly associated with the use of preoperative
chemotherapy. 75% of the patients in the dHGP group
received chemotherapy before liver surgery as compared to

Overall survival, months

53% in the non-dHGP group (p=0.001) (Table 1). In mul-
tivariable analysis, the use of preoperative chemotherapy
remained independently associated with the development of
dHGP CRLMs (OR=2.59; 95%CIL: 1.23-5.47; p=0.013)
(Table 1).

Postoperative survival and prognostic factors

In the entire group, after a median follow-up of 86 months
(range 56-116 months), 3- and 5-year OS were 59% and
43%, respectively, and 3- and 5-year DFS were 49.5% and
32.5%, respectively (Fig. 4a and b). Among the potential
prognostic factors evaluated at the primary tumor level,
only mutated KRAS status was significant for OS in univari-
ate analysis, remaining significant in multivariable analy-
sis (HR: 1.91; 95%CI: 1.22-2.98; p=0.005) (Table 2). For
DFS, positive lymph node status was significantly associated
with an increased risk of recurrence in univariate but not in
multivariable analyses (Table 2). Moderately or poorly dif-
ferentiated tumors were also associated with poorer DFS
(Table 2), but this factor was not included in multivariable
analysis due to high collinearity with HGP type (VIF: 5.3).
KRAS mutated status tended to be associated with a poorer
DFS (Table 2). Of note, when considered as an isolated fac-
tor, presence or grade of PTB was not prognostic for OS or
for DFS.

At the liver metastasis level, the synchronicity, the num-
ber and size of LMs, and carcinoembryonic antigen (CEA)

Disease free survival, months
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Fig.4 Kaplan-Meier survival plots of overall survival (OS) and disease-free survival (DFS), in the whole cohort (a and b), stratified by histological
growth pattern ({HGP and non-dHGP) (¢ and d). dHGP, desmoplastic histological growth pattern
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Table 2 Univariate and multivariate analysis of prognostic factors for overall and disease-free survival

Overall survival

Disease-free survival

Univariate analysis

Multivariate analysis

Univariate analysis Multivariate analysis

HR (95% CI) P HR (95%) p HR (95% CI) P HR (95%) p

Age>60 1.17 (0.78-1.77)  0.45 1.06 (0.73-1.53)  0.776

Female sex 1.40 (0.92-2.12)  0.113 1.31(0.90-1.91)  0.155

Right colonic 1.31(0.75-2.26)  0.343 1.41(0.97-2.29)  0.159

Rectal 1.30 (0.84-2.01)  0.235 1.30 (0.87-1.93)  0.195

KRAS mutation (missing: 23) 1.84 (1.19-2.84) 0.006 1.91 0.005 1.47(0.99-2.19) 0.054 1.40(0.92-2.11) 0.113
(1.22-2.98)

T3-4 1.49 (0.82-2.68)  0.188 1.34 (0.79-2.25)  0.272)

Positive Lymph node 1.53(0.96-2.44) 0.071 1.11 0.680 1.67(1.09-2.56) 0.018 1.33(0.84-2.13) 0.227
(0.67-1.84)

Synchronous 1.05 (0.67-1.66)  0.825 1.35(0.87-2.09) 0.175

CEA>200 1.26 (0.65-2.43)  0.497 1.32(0.74-2.36)  0.344

Multiple LMs 1.33(0.83-2.14)  0.236 1.45(0.94-2.24) 0.094 1.53(0.91-2.56) 0.110

Diam > 50 mm 1.44 (0.91-2.27) 0.117 1.39(0.91-2.10) 0.124

Preoperative chemotherapy 0.83 (0.55-1.27)  0.398 0.96 (0.66-1.40)  0.823

Differentiation (Well vs. others) 1.45(0.93-2.24) 0.1 1.57 (1.05-2.35)  0.028

Tumor Budding (cont) 0.203

TB categories

1.02 (0.99-1.06)

1.01 (0.97-1.04)  0.65

Grade 2 (5-9) 0.97 (0.61-1.54)  0.89 1.04 (0.69-1.56)  0.863

Grade 3 (>10) 1.36 (0.79-2.34)  0.268 1.11 (0.66-1.87)  0.697

Presence of tumor budding 1.05 (0.64-1.74)  0.842 1.07 (0.68-1.71)  0.762

Non-dHGP 1.82(1.19-2.79)  0.006 2.06 0.003 1.82(1.19-2.79) 0.006 1.57(1.03-2.39) 0.038
(1.27-3.35)

Abbreviations: CEA =carcinoembryonic antigen; dHGP = desmoplastic histological growth pattern; IQR =interquartile range; KRAS =Kirsten
rat sarcoma viral oncogene homolog; LMs, liver metastases; non-dHGP =non desmoplastic histological growth pattern; TB =tumor budding;

level were not significant for OS and DFS (Table 2). The
only significant prognostic factor was HGP. In the non-
dHGP group, 3- and S-year OS were 51.7% and 32.2%,
respectively, compared with 71.2% and 60.8%, respec-
tively, in the dHGP group (Log-rank-p=0.005), while
3- and S5-year DFS were 43.7% and 24.6%, respectively,
compared with 59.4% and 45.9%, respectively, (Log-rank-
p=0.020) (Fig. 4c and d). In multivariable analysis, non-
dHGP remained independently associated with poorer OS
and DFS (HR: 2.06; 95%CI: 1.27-3.35; p=0.003, and HR:
1.57; 95%CI: 1.03-2.39; p=0.038, respectively). Finally,
we observed no prognostic impact of preoperative chemo-
therapy for OS (HR=0.83; 95%CI: 0.55-1.27; p=0.398)
and for DFS (HR =0.96; 95%CI: 0.66—1.40; p=0.823).

Discussion

There are still no accurate risk factors or models that are
able to predict individual outcomes for patients undergoing
surgery for CRLMs [3, 23]. As a consequence, the majority
of patients who undergo curative-intent resection recur post-
operatively, including a significant proportion with rapid
and aggressive relapses [4, 5, 24]. Due to its reproducible

prognostic value, the HGP of CRLMs represents a promis-
ing candidate marker for improving the selection of these
patients for surgery. This parameter could also potentially be
used to predict the benefit of a second resection in patients
who recur after an initial intervention (23). Furthermore,
recent data have demonstrated that the HGP of CRLMs may
be useful for predicting the benefit of adjuvant chemother-
apy after liver resection. In particular, chemo-naive patients
with a non-dHGP seem to have a survival advantage when
they receive adjuvant chemotherapy while patients with a
dHGP do not [12, 25]. However, at the present time, this
parameter is not available for therapeutic decision making
as it is only assessable on the resected specimen. Therefore,
the development of new tools for predicting the HGP of
liver metastases before resection and a better understand-
ing of the mechanisms leading to the development of liver
metastases with different patterns (i.e., desmoplastic or non-
desmoplastic) could represent significant progress for the
improvement of the selection of these patients for surgery.
One hypothesis is that primary tumor characteristics might
influence the HGP of related liver metastases. To analyze
these potential interactions, we investigated the role of pri-
mary tumor factors that reflect tumor aggressiveness and
migratory capacity, such as tumor differentiation, presence
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of PTB, and KRAS mutational status, in the context of the
HGP of the liver metastases.

As a first result, we confirmed the strong prognostic
value of HGP. In the present series, we observed almost
a 50% decrease in 5-year postoperative OS and DFS in
patients who underwent surgery for non-dHGP CRLMs, as
compared to those with dHGP CRLMs. Notably, at the liver
metastasis level, none of the other factors related to syn-
chronicity, extent, size, or marker level were prognostic for
OS or DFS.

At the primary tumor level, the presence of tumor bud-
ding has been shown to be associated with a higher risk of
nodal spread and distant metastases, independently of pri-
mary tumor and nodal stage [26—28]. Furthermore, tumor
differentiation has been consistently demonstrated to be an
important independent prognostic factor in patients with
colorectal cancer [29, 30]. The main observation of our
study was that primary tumor differentiation and PTB are
associated with the HGP of CRLMs. As compared with
well-differentiated primary tumors, moderately and poorly
differentiated tumors were independently associated with
the development of liver metastases with non-dHGP. Simi-
larly, we found a significant association between the extent
of PTB and the HGP of CRLMs, with a higher number of
buds observed in patients with non-dHGP as compared
to those with dHGP in univariate analysis. In contrast,
although KRAS-mutated tumors have been previously asso-
ciated with liver metastases with a more aggressive or infil-
trating behavior [31, 32], no association could be observed
between KRAS mutational status and HGP in the present
series. Furthermore, we evaluated whether these primary
tumor characteristics remained of independent prognostic
value in patients who underwent surgery for CRLMs or
whether their influence is related to their association with
HGP. Due to a high correlation with HGP, we could not
include primary tumor differentiation in the multivariable
model for OS and DFS. However, when we replaced HGP
with tumor differentiation in this analysis, this parameter
retained its prognostic value (data not shown). For PTB,
we found no significant association with postoperative out-
come. This could suggest that, in the metastatic condition,
the prognosis could mainly depend on the biologic behavior
of liver metastases, as reflected by their HGP, rather than on
the initial characteristics of the primary tumor. In this inter-
play, the role of KRAS mutation remains unclear. Although
we found no association between KRAS mutation and HGP
of liver metastases, potentially related to the limited num-
ber of patients and to missing data, this factor remained
independently prognostic for OS after resection of CRLMs.
These results confirm previous research on the association
between HGP of liver metastases and primary tumor charac-
teristics in colorectal cancer [33, 34]. Several recent studies
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have similarly documented correlations between non-dHGP
CRLMs and infiltrating histology of the primary tumor, high
rate of PTB, and the presence of poorly differentiated clus-
ters [33, 34]. It has also been shown that the combination of
various primary tumor characteristics, such as right colonic
location, tumor differentiation, PTB, infiltrating histology,
non-mature stroma, lympho-vascular invasion, perineu-
ral invasion, presence of Crohn’s like relation, and grade
of tumor-infiltrating lymphocyte density could lead to new
predictive scores for the HGP of related CRLMs [35].

Along with a relatively small number of patients, a
significant limitation of our study is due to the fact that a
majority of the patients received preoperative chemother-
apy. It has been previously shown that the administration of
systemic chemotherapy before resection of CRLMs is asso-
ciated with an increase in the proportion of patients with
dHGP [36]. The real significance of this remains unclear,
as it has been shown that the prognosis of patients with
dHGP CRLMs after chemotherapy remains significantly
poorer as compared with chemo-naive patients with (spon-
taneous) dHGP [36, 37]. However, this might have, at least
partially, biased our results and it could be expected that
the relationships between primary tumor differentiation
and budding and HGP would be stronger in chemo-naive
patients. It should be acknowledged that, overall, our obser-
vations do not allow conclusions to be made regarding the
effect of preoperative chemotherapy. Indeed, in addition to
the limited number of patients and the retrospective nature
of the study, patients with exquisite response to preopera-
tive chemotherapy, as indicated by a complete pathological
response, were excluded as HGP was not assessable in these
cases. This could also have influenced the evaluation of the
association between KRAS mutation and HGP that should
be further verified in larger populations including patients
without preoperative chemotherapy.

Taken together, these results confirm recent studies that
have shown the role of primary tumor characteristics in
driving the development of subsequent CRLMs with dis-
tinct HGPs. In the future, the combination of these factors
into multiparametric models, including other characteristics
of the primary tumor and data derived from liver metastasis
imaging and radiomic algorithms, should be considered to
develop new predictive scores that aim to improve the prog-
nostication and selection of patients for CRLM surgery [11,
14-16]. Furthermore, this information could help to adapt
preoperative strategies, for example to prioritize chemo-
therapy and avoid anti-angiogenic drugs in patients who are
susceptible to having a non-dHGP CRLM phenotype.
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