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Background: It is necessary to develop an accurate non-invasive method to determine the histopathological
growth pattern (HGP) of colorectal liver metastasis (CRLM) before surgery. The present study aimed to
identify various HGPs of CRLM by magnetic resonance imaging (MRI) features.

Methods: This retrospective study included 53 chemo-naive patients with CRLM between December
2013 and September 2019. The HGPs of CRLM were assessed according to the international consensus
guidelines, and were classified as either replacement HGP (tHGP) or non-rHGP. The MRI features of
CRLM were retrospectively reviewed in consensus by two radiologists. The differences of MRI features
between rHGP and non-rHGP tumors were compared by using Chi-square test and Student’s #-test. The
Spearman or Pearson correlation analysis was performed to determine the correlation between different
MRI features. A receiver operating characteristic (ROC) curve was plotted to evaluate the diagnostic ability.
Results: Of the 53 chemo-naive patients (mean age, 60.11+9.85 years; age range, 38-86 years), 12 were
diagnosed as rHGP, while 41 were diagnosed as non-rHGP. Rim enhancement were more common in
rHGP than in non-rHGP (P<0.001). Besides, the diameter difference (AD) between the precontrast and
postcontrast images of rEHHGP was significantly larger than that of the non-rHGP (P=0.001). The rim width
was correlated with AD, but not correlated with tumor size. The non-rHGP colorectal liver metastases
were prone to be washed out in the delayed phases (P=0.043). The area under the curve (AUC) for the
differentiation of rHGP and non-rHGP by using rim enhancement and AD was 0.828 (95% CI: 0.708-0.949).
Conclusions: The MRI features of CRLM are characteristic and could help to differentiate rHGP and
non-rHGP.
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Introduction

The liver is the most common organ for colorectal cancer
metastasis (1). Approximately 20% to 34% of patients with
colorectal cancer present with synchronous liver metastasis
at the time of diagnosis (2,3). The presence of liver
metastasis is an important prognostic factor and impacts the
management of patients with colorectal cancer dramatically.
Since 1990s, researchers have noticed the heterogeneity
of liver metastasis growth pattern (4). However, the
classification criteria and denominations of liver metastasis
growth pattern tend to vary with time and studies (4-6).
It was not until 2017 that the international consensus
guidelines were proposed (7). According to the different
interface between the metastatic cancer and the surrounding
liver parenchyma, the colorectal liver metastasis (CRLM)
mainly exhibits three different histopathological growth
patterns (HGPs): desmoplastic, replacement, and pushing
4,5,7). In the desmoplastic HGP (dHGP), the metastatic
cancer cells are separated from the liver parenchyma by
a rim of fibrous stroma, and there are no direct contact
between cancer cells and hepatocytes. New blood vessels in
the desmoplastic rim are formed by sprouting angiogenesis.
In the replacement HGP (rHGP), metastatic cancer cells
form cell plates that are in continuity with the liver cell
plates, inducing co-option of sinusoidal blood vessels at
the tumor-liver interface instead of sprouting angiogenesis.
In the pushing HGP (pHGP), the liver cell plates that
surround the metastasis are pushed away and compressed,
without forming a surrounding desmoplastic rim, and the
blood supply is also obtained by sprouting angiogenesis.

There is currently limited understanding of the biological
mechanisms that underlie the different HGPs. Moreover, it is
unclear why some tumors elicit a desmoplastic and angiogenic
response while others grow in a co-opting manner and
adopt the replacement growth pattern. However, the clinical
significance of different HGPs has been proven. The rHGP
is reported a significantly poor outcome for patients with this
pattern, while the CRLM with dHGP is found a significantly
better survival (6-10). The CRLM with rHGP responds
poorly to the anti-angiogenic agent bevacizumab, which is
recommended as one of the alternative chemotherapy drugs
for the treatment of colorectal cancer (5). Additionally, the
CRLM with rHGP suffers a higher intrahepatic recurrence
rate after hepatectomy compared with its counterpart (6).
Therefore, it is of clinically importance to determine the
HGPs for the CRLM patients.

Although the classification of HGPs by light microscopy
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in standard hematoxylin-and-eosin (H&E) stained liver
resection specimens is reliable and replicable, it is invasive
and the evaluation is difficult to perform before surgery (11).
Therefore, it is necessary to develop an accurate non-
invasive surrogate marker for this histopathological
biomarker. Magnetic resonance imaging (MRI) is routinely
performed in clinical practice, and has been shown to be
more sensitive than other techniques, such as CT and PET/
CT, for the diagnosis of liver metastases (12,13). MRI could
identify the morphological characteristics of liver metastases,
together with the surrounding liver parenchyma (14).
However, the MRI performances of CRLM and the
surrounding liver parenchyma vary greatly, and it is
still unclear whether there are some differences in MRI
performances between different HGPs.

The objective of this study was to identify the difference
between the various HGPs of CRLM by MRI features. The
underlying hypothesis was that HGPs differentiation through
MRI would lead to a better therapeutic strategy selection and
more accurate prognosis prediction, especially for patients
with advanced cancers who cannot undergo surgery.

Methods
Patients

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This single-
institution retrospective study was approved by the
Ethical Committee of the First Hospital of China Medical
University, and the informed consent was waived. Most
patients with synchronous resectable liver metastases
were treated with surgery after receiving neoadjuvant
chemotherapy, and could not be included in the study.
From December 2013 to September 2019, only 70 chemo-
naive patients were confirmed as CRLM pathologically
after hepatectomy. In the 70 patients, those without
available specimens for histopathological assessment (n=8)
and without MR examination within 4 weeks before surgery
(n=9) were excluded. The clinical and pathological data
were obtained from the medical records, including age,
gender, location of primary cancer, time interval between
hepatic MRI and hepatectomy, pathology of primary tumor,
pathological TNM stage, and number of liver metastasis.

Pathological analysis

The HGPs were assessed on H&E slices by two
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pathologists (WHL and XFW), both with more than
10 years of experience in gastrointestinal pathology.
According to the international consensus guidelines (7),
lesions were categorized as dHGP, rHGP, or pHGP when
>50% of the tumor-liver interface showed desmoplastic,
replacement, or pushing appearance, respectively. Lesion
was considered to be a mixed HGP if none of the three
HGP was present in >50% of the interface.

MRI techniques

All MR examinations were performed using a 3.0T MR
scanner (Signa HDxt 37T, GE Healthcare) with an 8-channel
surface coil for the body. Unenhanced MR examinations
included a fast-spin-echo (FSE) T2-weighted sequence
with fat saturation [repetition time (TR)/echo time (TE),
7,500/105], in-phase (TR/TE, 260/2.4) and out-phase
(TR/TE, 260/3.2) T1-weighted gradient-echo (GE)
sequences, with the section thickness of 6 mm, 1.2 mm
intersection gap, matrix 224x320. Dynamic contrast-
enhanced MR examinations included one precontrast
acquisition and five-postcontrast acquisitions by using a fat-
suppressed T1-weighted three-dimensional fast-spoiled
GE sequence (TR/TE, 3/1.3; flip angle, 15% 5.0 mm
section thickness; no gap; matrix 160x276). Gadopentetate
dimeglumine (Magnevist; Bayer Schering Pharma, Osaka,
Japan) was injected into an antecubital vein by using an
automated injector at a dose of 0.1 mmol per kilogram of
body weight and at a rate of 2 mL/sec followed by a 20 mL
saline flush. The early and late arterial phases were obtained
at 15 and 35 s after administration of contrast medium,
respectively. The portal phase images were obtained 35 s
after the beginning of the arterial phase. The delayed phase
images were obtained at about 240 s after contrast medium
administration.

MRI analysis

Dynamic MRI were retrospectively reviewed by two
abdominal imaging radiologists (SW and RMC), who
were blinded to the histopathological information and
the original imaging reports. The discrepancies between
the two readers were resolved by discussion to reach
consensus. We analyzed only one lesion for each patient.
For multiple CRLMs, the MRI features were assessed on
the lesion corresponding to the histopathological result if
the specimens were from one lesion, while the largest one
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with pathological result was assessed if the specimens were
from multiple lesions. A detailed assessment of the CRLM
was documented, and the parameters were as follows: (I)
the number of CRLM, (II) the longest tumor diameter
(D) on precontrast T'1-weighted images (T1WI), (III) the
longest tumor diameter on arterial phase images (D,), (IV)
tumor margin after enhancement: sharp (defined as a clear
border between the tumor margin and the surrounding
liver parenchyma) or unclear (no obvious border between
the tumor margin and the surrounding liver parenchyma),
(V) the rim enhancement of tumor (appearing as a
circumferential hyperintensity that is higher than central
parts of the tumor and the surrounding liver parenchyma),
and (VI) perilesional parenchymal enhancement (defined as
wedge-shaped subsegmental or circumferential high signal
intensity adjacent to or around the tumors distinguished
from the background hepatic parenchyma on dynamic
enhanced images). The diameter difference (AD) between
the precontrast and postcontrast images was determined
as: AD = D, — D. When a rim enhancement was present on
postcontrast images, the width of the rim was measured,
and the washout of the rim enhancement was recorded.
Washout was defined as a decrease in enhancement, with
isointensity or hypointensity during the portal and delayed
phase. The measurement of tumor diameter and rim width
was performed twice by a single reviewer (RMC), and the
average data were recorded.

Statistical analysis

As rHGP is a strong independent prognostic marker in
chemo-naive patients according to previous reports (6-10),
all the HGPs were classified into two groups in this
research, namely rHGP and non-rHGP (including dHGP,
pHGP and mixed HGP).

Continuous values are expressed as mean * standard
deviation. The categorical features were compared by Chi-
square test, while Student’s #-test was used to compare the
continuous values. The Spearman or Pearson correlation
analysis with two-tailed testing of significance was
performed to determine the correlation between the MRI
features. A receiver operating characteristic (ROC) curve
was plotted to evaluate the diagnostic ability. Statistical
analysis was performed using R package (version 3.3.3,
https://www.r-project.org/, R Foundation for Statistical
Computing, Vienna, Austria). For all tests, P value <0.05
was considered statistically significant.
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Figure 1 Images in an 86-year-old woman with CRLM of dHGP in the lateral segment of the left hepatic lobe (A,B,C). (A) Image of
the precontrast TIWI shows a hypointense mass (arrow). (B) Arterial phase image demonstrates the mass has no rim enhancement at the
margin (arrow). (C) Microscopic view (HE, x200) of the histologic specimen shows the nodule of metastatic, moderately differentiated
adenocarcinoma (T) is separated from the hepatic parenchyma (L) by fibrous stroma (dashed line). Images in a 51-year-old woman with
CRLM of rHGP in the medial segment of the left hepatic lobe (D-F). (D) Image of the precontrast TIWI shows a hypointense mass
(arrow). (E) Arterial phase image demonstrates the mass has an intense rim enhancement at the margin (arrow). (F) Microscopic view
(H&E stain; original magnification, x200) of the histologic specimen shows the nodule of metastatic, poorly differentiated adenocarcinoma
(T) is in continuity with the hepatic parenchyma (L), without fibrous stroma. CRLM, colorectal liver metastasis; dHGP, desmoplastic
histopathological growth pattern; TIWI, T1-weighted images; rHGP, replacement histopathological growth pattern; H&E, hematoxylin-
and-eosin.

Results primary tumor, pathology of primary tumor, T stage, and N
stage between patients in the rHGP and non-rHGP groups,
as shown in 7able 1.

The diameter of the tumor ranged from 0.50 to 11.00

(mean, 4.28+0.25) cm. Thirty-one CRLMs showed rim

Fifty-three chemo-naive patients were enrolled in this study
(mean age, 60.11+9.85 years; age range, 38-86 years), in
which 31 were male, and 22 were female. The mean time

from MRI to surgery was 9.01+5.38 (range, 1-28) days.
Left-sided colorectal cancer was noted in 40 patients, and
right-sided colorectal cancer was noted in 13 patients.
According to the international consensus guidelines, the
rHGP was predominant in 12 (22.64%) of the included
CRLMs, the dHGP in 25 (47.17%) tumors and the pHGP
in 16 (30.19%) tumors. No mixed HGP was identified. MR
images and pathological images of typical cases were shown
in Figure 1. No significant differences were detected in the
gender, age, interval between MRI and surgery, location of
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enhancement in the arterial phase images, 12 were rHGP
while 19 were non-rHGP. All the CRLMs with rHGP
showed rim enhancement, while only 46.34% lesions with
non-rHGP showed rim enhancement. The difference
was significant (P<0.001). Besides, the AD of rHGP was
significantly larger than that of the non-rHGP (P=0.001).
The tumor diameter on both precontrast T1WI and arterial
phase images, number of CRLM, tumor margin after
enhancement, and perilesional parenchymal enhancement
were not different between the two groups (P>0.117, Table 2).
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Table 1 Clinicopathological characteristics of patients in the rtHGP and non-rHGP group
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Variables rHGP (n=12) Non-rHGP (n=41) P value
Gender, n (%) >0.999
Male 5 (41.67) 17 (41.46)
Female 7 (58.33) 24 (58.54)
Age (year) 60.78+10.25 57.92+8.11 0.323
Interval between MRI and surgery (day) 8.42+5.00 9.20+5.53 0.663
Location of primary tumor, n (%) >0.999
Left-sided 9 (75.00) 31 (75.61)
Right-sided 3 (25.00) 10 (24.39)
Pathology of primary tumor, n (%) 0.738
Papillary adenocarcinoma 3 (25.00) 6 (14.63)
High and moderate differentiated adenocarcinoma 6 (50.00) 25 (60.98)
Low differentiated adenocarcinoma 3 (25.00) 9 (21.95)
Micropapillary carcinoma 0 (0.00) 1(2.44)
T stage, n (%) 0.414
T2 0 (0.00) 3(7.32)
T3 4(33.33) 7(17.07)
T4 8 (66.67) 31 (75.61)
N stage, n (%) 0.648
NO 5 (41.67) 21 (51.22)
N1 5(41.67) 16 (39.02)
N2 2 (16.67) 4(9.76)

Non-rHGP: including the desmoplastic histopathological growth pattern and the pushing histopathological growth pattern. rHGP,
replacement histopathological growth pattern; MRI, magnetic resonance imaging.

For the lesions with rim enhancement, the width of rim
on arterial phase MRI ranged from 0.20 to 0.91 (mean,
0.49+0.22) cm (Table 3). In these cases, the correlation
coefficient of the rim width and the AD was 0.584 (P<0.001).
However, the width of rim was not correlated with the
tumor diameter (P=0.262). The AD of rHGP was greater
than that of non-rHGP, though the difference was not
significant (P=0.060). On delayed phase images, the rim
enhancement disappeared in 7/12 rHGP and 17/19 in non-
rHGP, suggesting that the CRLMs of non-rHGP were
prone to be washed out in the delayed phase (P=0.043). The
width of rim and the tumor margin after enhancement had
no difference between the two groups (P>0.740).

Using multivariate analysis, the ROC curve was made
for differentiating rHGP from non-rHGP by using a
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combination of rim enhancement and AD which were
significantly different between the two groups, as shown in
Figure 2. The area under the curve (AUC) was 0.828 (95%
CI: 0.708-0.949).

Discussion

Approximately 50-60% of patients diagnosed with
colorectal cancer develop metastases, and 80-90% of
these patients have unresectable liver metastases (3). For
the advanced or metastatic disease that is not amenable
to resection, a systemic therapy is recommended. It
has been shown that bevacizumab combined with
chemotherapy (bev-chemo) can extend progression-free
and/or overall survival (3). However, the anti-angiogenic
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Variables rHGP (n=12) Non-rHGP (n=41) P value
D (cm) 3.62+2.85 2.79+1.91 0.363
D, (cm) 3.93+2.91 2.80+1.90 0.227
AD (cm) 0.31+0.43 0.00+0.19 0.001
Number of CRLM, n (%) 0.740
Single 4 (33.33) 18 (43.90)
Multiple (=2) 8 (66.67) 23 (56.10)
Tumor margin after enhancement, n (%) >0.999
Sharp 3 (25.00) 11 (26.83)
Unclear 9 (75.00) 30 (73.17)
Rim enhancement, n (%) <0.001
Yes 12 (100.00) 19 (46.34)
No 0 (0.00) 22 (53.66)
Perilesional parenchymal enhancement, n (%) 0.058
Yes 9 (75.00) 18 (43.90)
No 3 (25.00) 23 (56.10)

Non-rHGP: including the desmoplastic histopathological growth pattern and the pushing histopathological growth pattern; D: the longest
tumor diameter on precontrast T1WI; D,: the longest tumor diameter on arterial phase images; AD: the tumor diameter difference between
the precontrast and arterial phase images. MRI, magnetic resonance imaging; rHGP, replacement histopathological growth pattern; CRLM,

colorectal liver metastasis; TIWI, T1-weighted images.

Table 3 Variables correlated with rim enhancement

Variables rHGP (n=12) Non-rHGP (n=19) P value
D (cm) 3.62+2.85 2.95+2.152 0.467
D, (cm) 3.93+2.91 3.03+2.13 0.332
AD (cm) 0.31+0.43 0.07+0.22 0.060
Rim width (cm) 0.49+0.22 0.47+0.17 0.740
Tumor margin after enhancement, n (%) 0.935
Sharp 3 (25.00) 5 (26.31)
Unclear 9 (75.00) 14 (73.68)
Washout of rim enhancement, n (%) 0.043
Yes 7 (58.33) 17 (89.47)
No 5 (41.67) 2(10.53)

Non-rHGP: including the desmoplastic histopathological growth pattern and the pushing histopathological growth pattern; D: the longest
tumor diameter on precontrast T1WI; D,: the longest tumor diameter on arterial phase images; AD: the tumor diameter difference between
the precontrast and arterial phase images. rHGP, replacement histopathological growth pattern; T1WI, T1-weighted images.
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Figure 2 ROC curve for the differentiation of rHGP and non-
rHGP by using rim enhancement and AD. ROC, receiver
operating characteristic; rHGP, replacement histopathological

growth pattern; AD, diameter difference.

agents (including bevacizumab) were designed to target
sprouting angiogenesis, other than target the process of
vessel co-option (5). Thus, the rHGP with vessel co-option
is a potential resistance to anti-angiogenic therapy. An
accurate prediction of HGP of CRLM could help to avoid
unnecessary treatment. The current study demonstrates
that MRI performance is different between rHGP and non-
rHGP CRLMs. The rim enhancement is more common
in rHGP, and the AD between arterial phase image and
precontrast image is larger in rHGP than in non-rHGP.
This study shows that it is possible to stratify CRLMs of
different HGP by using MRI features.

Liver metastasis is not difficult to diagnose on MRI
combined with the history of colorectal cancer. The typical
MRI feature of CRLM was described as rim enhancement
on arterial phase images, with incomplete central
progression on delayed phase images (14,15). Researchers
have been taking a great interest in the diagnostic value of
rim enhancement of hepatic metastases on MRI. A study
carried by Yu et 4l. (16), who measured the change of tumor
size after enhancement, proposed that the main component
of the rim enhancement is mainly at the extralesional area
rather than tumoral area. In our study, we observed that
the tumor diameter of rHGP was larger on arterial phase
images than on precontrast images; it was in consistent
with the previous research. However, the diameter of non-
rHGP CRLMs with rim enhancement did not change much
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after enhancement. Although the AD were different, the
widths of rim enhancement between rHGP and non-rHGP
CRLMs were almost the same. This may suggest that the
rim enhancement of rHGP is mainly outside the tumor,
while the rim enhancement of non-rHGP is mainly inside
the tumor.

The biological mechanism of the association between
MRI performance and HGP remains unclear. Early
research revealed that the rim enhancement is related
with histopathologic hepatic parenchymal changes, which
include peritumoral desmoplastic reaction, inflammatory
cell infiltration, and vascular proliferation (17). The recent
studies further provided new histological evidences for the
different tumor-liver interface between different HGPs
(5,7,18). In the CRLMs with dHGP and pHGP, they utilize
angiogenesis to obtain vascular supply. The newly formed
arterioles are tortuous, disrupted and leaking, thus the
perfusion efficiency is low. However, in the rHGP CRLMs,
the tumor cells infiltrate the liver parenchyma, and the
intratumoral vessels co-opt with the sinusoidal blood
supply of the liver parenchyma, without inducing sprouting
angiogenesis. Compared with dHGP metastases, the
microvessel density in CRLMs with rHGP is significantly
higher at the tumor-liver interface (18). Moreover, the co-
opted capillary bed from normal liver is highly efficient
and liver metastases with rHGP display higher perfusion as
opposed to the CRLMs with non-rHGP (19). We observed
that the CRLMs of rHGP had more rim enhancement
compared with the non-rHGP type. This may indicate
that the rim enhancement on MRI is more related with
vascularization and perfusion of the tumor-liver interface.
As for the location, the rim enhancement of rHGP may
be related with the surrounding sinusoidal blood supply,
therefore, it may include some adjacent liver parenchyma;
while the blood supply of non-rHGP is mainly new formed
blood vessels, thus the rim enhancement may be mainly
inward the lesion.

In recent years, radiomics method is very popular in
tumor research. Cheng et 4l. (20) retrospectively analyzed
68 dHGP and 58 rHGP CRLMs, and demonstrated that
radiomics model derived from the CT images could be
used to differentiate HGPs of CRLM. In their study, they
found that the rim enhancement of dHGP is more common
than that of rHGP, which were just in contrary with our
results. They divided their sample into two sets: training
set and validation set. There was a significant difference in
rim enhancement in the training set, but no difference in
the validation set. The grouping method may exaggerate
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the difference in one set. Han et al. (21) took an MRI-
based radiomics study on 182 CRLMs, which include 59
dHGP and 123 rHGP CRLM lesions, and also proved
that MRI-based radiomics method has the potential to
determine the HGPs of CRLM. They reported that the
rHGP (25%) tends to exhibit a lobular margin compared
with dHGP (17.1%), and they did not find the difference of
rim enhancement between dHGP and rHGP. The different
result may also be related to the fact that they divided the
sample into three subsets: training set, internal validation
set, and external validation set. Besides, we only analyzed
one lesion corresponding with the pathological result in
multiple CRLMs, while Cheng ez 4/. (20) and Han ez a/. (21)
both included all the lesions in multiple CRLMs. There are
only few studies investigated the pathological heterogeneity
in multiple lesions and the results are inconsistent. Some
studies (4,22) showed similar pathological features in
multiple lesions, while some studies (18,23) reported that
multiple CRLMs may show more than one HGP. It is still
unclear whether the imaging features of multiple lesions are
the same. The different inclusion criteria may also be one
of the reasons why our results are different from previous
studies.

There were several limitations to this study. First, this
was a retrospective study performed at a single institution,
and the sample size was relatively small. Second, the study
did not include diffusion-weighted imaging (DWI) and
hepatobiliary phase images, although these two sequences
have been reported to be very sensitive for detecting liver
metastases, especially for lesions smaller than 10 mm (24).
Because some patients in the study did not receive DWI
or hepatobiliary specific examination, we only analyzed the
routine MR images of precontrast and postcontrast TTWI.
The value of DWI and hepatobiliary phase images for
differentiating dHGP and non-dHGP still needs further
study.

In summary, CRLMs of rHGP and non-rHGP perform
different on MRI. Compared with non-rHGP, more
CRLM:s of rHGP showed a rim enhancement, and rHGP
CRLMs were enlarged more than non-rHGP ones on
postcontrast images. By using the MRI feature to identify
HGPs, it may be possible to stratify the patients prior
to treatment so that they can benefit from personalized
therapeutic plan.
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