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Elastic modulus-reflected liver lesion it

stiffness relates to worse prognosis in pancreatic
cancer patients with liver metastasis

Shu Dong'?!, Xian Miao®", Ke Zhang'?, Xiaoyan Zhu'?, Yi Gao* and Hao Chen'#"

Abstract

Background Liver stiffness relates to more advanced tumor status and poor outcomes in primary liver cancer,
while its prognostic role in pancreatic cancer with liver metastasis is unclear. Therefore, the current study aimed
to explore the correlation of elastic modulus (EM)-reflected liver lesion stiffness with clinical characteristics, tumor
markers, and survival among pancreatic cancer patients with liver metastasis.

Methods Fifty-four pancreatic cancer patients with liver metastasis were enrolled, and the EM of liver metastasis
and peripheral liver tissue was measured by two-dimensional shear wave elastography. Relative EM was calculated
as the ratio of EM in liver metastasis to that in peripheral liver tissue, which reflected the relative liver lesion stiffness.

Results The median relative EM of liver metastasis was 7.8 (interquartile range: 4.8-10.7) folds. Relative EM of liver
metastasis was correlated with primary pancreatic cancer location (P=0.048), the presence of extra lung metastasis
(P=0.040), liver metastasis >3 cm (P=0.007), and the absence of extraskeletal metastasis (P=0.036); but it was not cor-
related with tumor markers such as CA199, CA125, or CEA (all P>0.05). Encouragingly, high relative EM of liver
metastasis (cut off by median value) was correlated with poor progression-free survival (PFS) (P=0.032) but not over-
all survival (OS) (P=0.285). Multivariable Cox analysis showed that high relative EM of liver metastasis (hazard ratio
(HR)=1.768, P=0.048) and multiple metastases (HR=2.262, P=0.036) independently predicted decreased PFS,

but only abnormal CEA independently forecasted decreased OS (HR=2.390, P=0.027).

Conclusion Flastic modulus reflected liver lesion stiffness may predict a worse prognosis in pancreatic cancer
patients with liver metastasis.
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Introduction

Pancreatic cancer is a common cancer with high mor-
tality globally and is projected to be the second-highest
cause of cancer-related death in the United States by 2030
[1-3]. Currently, surgical resection followed by adju-
vant chemotherapy provides relatively acceptable out-
comes among early-stage pancreatic cancer patients [4,
5]. Unfortunately, a large proportion of pancreatic cancer
patients are diagnosed at an advanced stage with distant
metastasis [6]. The liver is one of the most common met-
astatic sites in advanced pancreatic cancer patients, and
patients with liver metastasis are not eligible for surgery;
their prognosis is extremely dismal, with a 5-year overall
survival (OS) rate of approximately 2% [7, 8]. Therefore,
exploring potential indicators to reflect prognosis is cru-
cial to improving the management of these patients.

Liver stiffness is able to reflect the degree of liver fibro-
sis, whose measurement plays an essential clinical role in
reflecting the disease risk and prognosis of liver cancer
[9-13]. For instance, the liver stiffness parameter is able
to predict the occurrence of liver cancer among hepati-
tis C virus patients [11]. Elevated liver stiffness is corre-
lated with deteriorated liver injury and decreased OS in
advanced liver cancer patients [14]. Moreover, early-stage
liver cancer patients who have increased liver stiffness
after surgery face a higher risk of relapse [15]. In addi-
tion, liver stiffness can be used to monitor treatment
response among colorectal cancer patients with liver
metastasis undergoing transarterial chemoembolization
[16]. In the preclinical setting, it is reported that low stiff-
ness of liver metastasis is associated with survival in mice
with pancreatic cancer liver metastasis [17]. Moreover,
the stiffness of pancreatic cancer is associated with tumor
size in mice [18]. Taken together, we deduced that liver
stiffness might also play a crucial role in pancreatic can-
cer patients with liver metastasis, while related informa-
tion is scarce.

Thus, the current study aimed to explore the correla-
tion of liver stiffness (measured via relative elastic mod-
ulus (EM)) with clinical characteristics, tumor markers,
and survival among pancreatic cancer patients with liver
metastasis.

Methods

Patients

Between March 2017 and April 2020, 54 pancreatic can-
cer patients with liver metastasis were serially included in
this study. The inclusion criteria were set as follows: (i)
diagnosed with primary pancreatic cancer; (ii) confirmed
as liver metastasis by image logical examination, such
as contrast-enhanced computerized tomography (CT);
and (iii) age over 18 years. The exclusion criteria were as
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follows: (i) with other primary cancers or hematologic
malignancies; (ii) with fatty liver, cirrhosis, or other liver
diseases; and (iii) pregnant or lactating female patients.
This study was approved by the Ethics Committee of
Fudan University Shanghai Cancer Center.

Documents

Clinical features of pancreatic cancer patients were
obtained after enrollment, including age, sex, tumor
number, number of liver metastases, size of liver metas-
tasis, extrahepatic metastasis, tumor markers, and treat-
ment information. Patients were followed up regularly
until April 2021. The median follow-up period was
10 months with a range of 3—-26 months. Then, progres-
sion-free survival (PFS) and overall survival (OS) were
imputed.

Evaluation

Liver stiffness of liver metastasis and peripheral liver tis-
sue was measured using two-dimensional shear wave
elastography (2D-SWE) by an Aixplorer US imaging sys-
tem (SuperSonic Imagine, France) with an SC6-1 (fre-
quency of 1-6 MHz) convex probe. For patients with
multiple liver metastases, liver stiffness was measured
based on tumors 2—5 c¢m in diameter and without blood
vessels or biliary ducts around the tumor. The procedure
was the same as in a previous study and was in line with
the European Federation of Societies for Ultrasound in
Medicine and Biology (EFSUMB) guidelines [19, 20]. In
brief, the probe was positioned into the patients’ inter-
costal spaces of the right lobe of the liver. The 2D-SWE
was carried out followed by a real-time B-mode ultra-
sound scan to ensure the target area of the liver. The size
of the sampling box was 4 cmXx3 cm, and the top edge
of the box was located approximately 1 cm under Glis-
son’s capsule of the liver. Patients were asked to hold their
breath for approximately 5 s. Then, the images were sta-
bilized, and the elastic modulus (EM) was automatically
measured and displayed (a representative image is shown
in Fig. S1). Each patient received three times of meas-
urements, and the mean value was calculated based on
the three measurements. The measurement of the stift-
ness of liver metastasis and peripheral liver tissue was
conducted by two sonographers who had ultrasound
professional qualification certificates and experience in
sonography for over 10 years. The EM value was calcu-
lated as the mean values of the EM values measured by
the two sonographers. After liver stiffness measurement,
relative EM was calculated, defined as the ratio of EM
in liver metastasis to EM in peripheral liver tissue. The
median relative EM was used to classify patients into
high relative EM and low relative EM groups.
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Statistics

SPSS 26.0 (IBM Corp., USA) and GraphPad Prism 7.01
(GraphPad Software Inc., USA) was employed for data
analysis and graph construction, respectively. Data are
displayed as the mean + standard deviation (SD) for nor-
mally distributed continuous variables, median (inter-
quartile range (IQR)) for skewed-distributed continuous
variables, and count (percentage) for categorized vari-
ables. The correlation of EM with clinical characteristics
was determined using the Wilcoxon rank sum test. PFS
and OS were plotted using Kaplan—Meier (KM) curves
and determined by the Breslow test. Independent prog-
nostic factors were analyzed using multivariable Cox pro-
portional hazard regression analysis with the backward
stepwise method, and all factors were included in the
analysis. A P value <0.05 was considered significant.

Results

Clinical features

The mean age of the 54 included patients was
62.0+9.7 years. Meanwhile, there were 29 (53.7%) males
and 25 (46.3%) females. Regarding tumor location, 17
(31.5%) patients’ tumors were located at the head of the
pancreas, 17 (31.5%) patients’ tumors were located at the
body of the pancreas, and 29 (53.7%) patients’ tumors
were located at the cauda of the pancreas (there were 9
patients with two lesions in the pancreas). Nine (16.7%)
patients had a single metastasis in the liver and 45 (83.3%)
patients had multiple metastases in the liver. The median
(IQR) liver metastasis was 2.7 (1.5-3.5) cm. For tumor
markers, the median (IQR) values of carbohydrate anti-
gen 199 (CA199), cancer antigen 125 (CA125), and car-
cinoembryonic antigen (CEA) were 1000.0 (59.7-1000.0)
U/mL, 78.2 (33.3-227.9) U/mL, and 14.4 (4.9-67.0) ng/
mL, respectively. In terms of liver stiffness, the median
(IQR) values of EM of liver metastasis, EM of peripheral
liver tissue, and relative EM were 57.9 (43.3-83.5), 7.5
(6.3-10.4), and 7.8 (4.8-10.7), respectively (Table 1).

Correlation between relative EM and clinical characteristics
Elevated relative EM was correlated with tumors loca-
tion in the cauda of the pancreas (P=0.048), lung metas-
tasis (P=0.040), and liver metastasis >3 cm (P=0.007),
while decreased relative EM was correlated with skel-
etal metastasis (P=0.036). Moreover, no correlation was
found in relative EM with other clinical characteristics
(all P>0.05) (Table 2).

Correlation between relative EM and tumor markers
To further explore the association of relative EM with
tumor markers, the relative EM was investigated in
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Table 1 Clinical features

Items Patients (N=54)
Age (years), mean+SD 62.0+9.7
Gender, no. (%)

Male 29 (53.7)

Female 25 (46.3)
Tumor location, no. (%)

Head of pancreas 17 (31.5)

Body of pancreas 17 (31.5)

Cauda of pancreas 29 (53.7)
Liver metastasis, no. (%) 54 (100.0)

Single 9(16.7)

Multiple 45 (83.3)
Extrahepatic metastasis, no. (%)

Intra-abdomen 34 (63.0)

Lymph gland 4(74)

Skeleton 6(11.1)

Lung 3(5.6)

No extrahepatic metastases 12(22.2)
Number of extrahepatic metastases, no. (%)

0 12 (22.2)

1 18(33.3)

2 14 (25.9)

3 8(14.8)

4 1(1.9)

5 1(1.9)
Size of liver metastasis (cm), median (IQR) 2.7 (1.5-3.5)

Tumor markers, median (IQR)
CA199 (U/mL)
CA125 (U/mL)

1000.0 (59.7-1000.0)
78.2(33.3-227.9)

CEA (ng/mL) 144 (4.9-67.0)
Treatment, No. (%)

AG 33(61.1)

Other GEM-based regimens 33(61.1)

Folfirinox 5(9.3)

Others 14 (25.9)

Liver stiffness, median (IQR)
EM of liver metastasis 57.9 (43.3-83.5)
7.5(6.3-104)

7.8 (4.8-10.7)

EM of peripheral liver tissue
Relative EM

SD Standard deviation, IQR Interquartile range, CA7199 Carbohydrate antigen
199, CA125 Cancer antigen 125, CEA Carcinoembryonic antigen, AG Albumin
paclitaxel + gemcitabine, GEM Gemcitabine, EM Elastic modulus

patients with abnormal as well as normal CA199, CA125,
and CEA. However, no correlation was found in relative
EM with these tumor markers (all P>0.05) (Table 3).

Correlation of relative EM with PFS and OS
High relative EM was correlated with decreased PES
(P=0.032) (Fig. 1A). At the same time, no correlation
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Table 2 Correlation of relative EM with clinical characteristics

Page 4 of 7

Table 3 Correlation of relative EM with tumor markers

Items Relative EM, Zvalue P value
median (IQR)

Age -0976 0.329
<60 years 7.7 (44-9.7)
>60 years 78(4.9-13.1)

Gender —-0.842 0.400
Male 6.8(4.7-10.3)
Female 8.8 (4.7-134)

Live metastases —1.521 0.128
Single 10.1 (6.3-134)
Multiple 6.8 (4.5-10.3)

Head of pancreas —1.584 0.113
No 8.8(5.0-11.0)
Yes 55 (4.0-9.8)

Body of pancreas —-0.596 0.551
No 7.7 (44-11.0)
Yes 7.8(5.2-104)

Cauda of pancreas -1978 0.048
No 5.7 (43-9.5)
Yes 9.3(5.1-13.1)

Number of extrahepatic metastases -0618 0.536
0-1 8.1(5.1-10.3)
>1 56(43-11.1)

Enterocoelia metastasis —-0.502 0616
No 7.9 (43-10.6)
Yes 7.8(5.0-10.8)

Lymph gland metastasis —1.883 0.060
No 8.1 (4.9-10.9)
Yes 45 (2.7-73)

Skeleton metastasis —2.092 0.036
No 86 (4.9-11.1)
Yes 47 (34-7.1)

Lung metastasis —2.059 0.040
No 7.7 (45-10.6)
Yes 14.0 (10.1-NR)

No extrahepatic metastases -0812 0417
No 7.3 (45-10.6)
Yes 9.0 (5.0-12.8)

Size of liver metastasis —2.707 0.007
<3cm 5.2(43-9.9)
>3cm 9.3(7.2-11.6)

AG —0479 0.632
No 8.8(5.3-104)
Yes 57(44-119)

Other GEM-based regimens -0.275 0.783
No 8.0 (4.7-10.3)
Yes 7.8(4.7-11.6)

Folfirinox —0463 0.644
No 7.8(4.9-10.7)
Yes 8.8(24-129)

Others -0.573 0.567
No 7.8 (4.6-10.5)
Yes 7.2 (4.8-14.1)

EM Elastic modulus, IQR Interquartile range, NR Not reported, GEM Gemcitabine

Items Relative EM, median Zvalue P value
(IQR)

CA199 —0.666 0.505
Abnormal 57 (4.4-88)
Normal 8.3(4.9-10.8)

CA125 -0473 0.636
Abnormal 9.7 (44-13.3)
Normal 7.7 (4.9-10.1)

CEA —0.688 0491
Abnormal 9.7 (52-11.6)
Normal 7.8 (45-10.3)

EM Elastic modulus, IQR Interquartile range, CA7199 Carbohydrate antigen 199,
CA125 Cancer antigen 125, CEA Carcinoembryonic antigen

was found between relative EM and OS (P=0.285)
(Fig. 1B). In addition, multivariable Cox proportional
hazard regression analysis indicated that high relative
EM (hazard ratio (HR)=1.768, P=0.048) and multiple
metastases (HR=2.262, P=0.036) were independently
correlated with decreased PFS (Fig. 2A). Moreover,
abnormal CEA was independently correlated with
decreased OS (HR=2.390, P=0.027) (Fig. 2B). How-
ever, liver metastases (single vs. multiple) and size of liver
metastasis were not associated with PFS or OS (Table
S1).

Discussion

Over the decades, evaluation of liver stiffness has been
helpful for the management of liver cancer [9-11, 14,
15, 21]. In the past, liver stiffness was mainly evaluated
by liver biopsy, while this invasive method might trigger
the risk of complications [22, 23]. With the development
of medical imaging technology, liver stiffness measured
by elastography without invasion is widely applied and
is viewed as an indicator of the prognosis of liver cancer.
Regarding the correlation of liver stiffness with clinical
characteristics in patients with primary liver cancer and
liver metastasis, it has been reported that elevated liver
stiffness was correlated with a higher tumor stage and
fibrosis stage in primary liver cancer [14, 15]. However,
the association of liver stiffness with clinical character-
istics in pancreatic cancer patients with liver metastasis
still needed exploration. In the current study, relative EM
was positively associated with liver metastasis>3 cm
among pancreatic cancer patients with liver metasta-
sis. The possible explanations are that (1) the stiffness
of liver metastatic lesions was associated with collagen
concentration, which could accelerate the proliferation
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Fig. 1 Correlation of relative EM with survival. Association of relative EM with PFS (A) and OS (B)

A

Multivariable Cox's proportional hazard regression analysis for PFS

Variables P value HR (95% CI)
Relative EM (high vs. low) 0.048 1.768 (1.005-3.110) | —
Liver metastases (multiple vs. single) 0.036 2.262 (1.055-4.852) L »
o 1 2 3 4 5

Multivariable Cox's proportional hazard regression analysis for OS

Variables P value

CEA (abnormal vs. normal) 0.027

HR (95% Cl)

2.390 (1.103-5.177) ! .

0 1 2 3 4 5 6

Fig. 2 Multivariable Cox proportional hazard regression analysis for survival. Independent factors of PFS (A) and OS (B)

of pancreatic cancer cells at the liver metastatic lesion,
consequently leading to elevated liver metastasis size [24,
25], and (2) the stiffness of peripheral liver tissue could
affect epithelial-mesenchymal transition and phosphati-
dylinositol-3-kinase/protein kinase B (PI3K/AKT) sign-
aling in liver metastasis, which consequently promoted
the growth of liver metastatic lesions [1, 9, 24, 26]. Com-
bining the above two reasons, plus the fact that relative
EM was calculated by the ratio of EM of liver meta-
static lesion to EM of peripheral liver tissues, it could be

derived that relative EM was positively associated with
liver metastasis>3 cm. Notably, the current study used
relative EM value instead of EM value because relative
EM value could eliminate the influence of the stiffness of
the liver, thus reducing potential deviation.

In terms of the association of liver stiffness with sur-
vival in patients with primary liver cancer and liver
metastasis, a previous study has reported that elevated
liver stiffness was correlated with a decreased 5-year OS,
which is also able to predict long-term recurrence among
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liver cancer patients [27]. Moreover, increased liver stiff-
ness is an independent predictive factor for 1-year recur-
rence among early liver cancer patients after surgery [15].
Higher liver stiftness is associated with an elevated 3-year
mortality rate among liver cancer patients after liver
transplantation [28]. A previous study also revealed that
reduced liver metastasis stiffness was associated with bet-
ter treatment response to bevacizumab in patients with
metastatic colorectal cancer [29]. However, data on the
correlation of liver stiffness with survival in liver metas-
tasis patients are limited. In the current study, elevated
relative EM was an independent factor for decreased
PFS among pancreatic cancer patients with liver metas-
tasis. The possible explanations are that (1) relative EM
was correlated with increased liver metastasis volume
(abovementioned), which led to declined PFS among
patients; (2) increased relative EM indicated abnormal
PI3K/AKT pathway and collagen concentration in liver
metastasis, which could not only regulate drug resist-
ance but also modulate antitumor immune microenvi-
ronment via enrichment of tumor-associated fibroblasts,
consequently affecting PFS among patients [24, 26,
30-32]. Therefore, elevated relative EM was linked with
decreased PFS among pancreatic cancer patients with
liver metastasis. However, no correlation was found in
relative EM with OS among pancreatic cancer patients
with liver metastasis. The potential reasons might be that
(1) the sample size was relatively small, leading to a low
statistical power, and (2) OS could be affected by treat-
ment after disease progression among patients; hence,
no correlation was found in relative EM with OS among
pancreatic cancer patients with liver metastasis. In the
current study, there were five patients with oligo metas-
tasis. These patients all received chemotherapy but not
surgical resection of metastasis after considering the
potential benefit of surgery and their physical status.

To the best of our knowledge, the current study is the
first to explore the clinical role of liver stiffness in pan-
creatic cancer patients with liver metastasis. Meanwhile,
the liver stiffness parameter in the current study was a
relative value, which was based on the ratio of EM in
liver metastasis to EM in peripheral liver tissue. Thus,
relative EM in the current study excluded the potential
influence of individual differences on the study findings.
However, there were several limitations: (1) the sam-
ple size of the current study was relatively small, which
could be enlarged in the future; (2) the current study
only used one approach to measure EM; thus, more
approaches could be applied in future studies; and (3)
the clinical value of relative EM in liver metastasis from
other cancers, such as colorectal cancer and lung cancer,
could be explored.
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Conclusion

In conclusion, high relative EM correlates with unfa-
vorable PFS in pancreatic cancer patients with liver
metastasis, whose monitoring may help promote the
management of these patients.
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