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Abstract
Objectives  To evaluate the prognostic value of CT-based markers of sarcopenia and myosteatosis in comparison to the 
Eastern Cooperative Oncology Group (ECOG) score for survival of patients with advanced pancreatic cancer treated with 
high-intensity focused ultrasound (HIFU).
Materials and methods  For 142 retrospective patients, the skeletal muscle index (SMI), skeletal muscle radiodensity (SMRD), fatty 
muscle fraction (FMF), and intermuscular fat fraction (IMFF) were determined on superior mesenteric artery level in pre-interventional 
CT. Each marker was tested for associations with sex, age, body mass index (BMI), and ECOG. The prognostic value of the markers 
was examined in Kaplan-Meier analyses with the log-rank test and in uni- and multivariable Cox proportional hazards (CPH) models.
Results  The following significant associations were observed: Male patients had higher BMI and SMI. Patients with lower 
ECOG had lower BMI and SMI. Patients with BMI lower than 21.8 kg/m2 (median) also showed lower SMI and IMFF. 
Patients younger than 63.3 years (median) were found to have higher SMRD, lower FMF, and lower IMFF. In the Kaplan-
Meier analysis, significantly lower survival times were observed in patients with higher ECOG or lower SMI. Increased 
patient risk was observed for higher ECOG, lower BMI, and lower SMI in univariable CPH analyses for 1-, 2-, and 3-year 
survival. Multivariable CPH analysis for 1-year survival revealed increased patient risk for higher ECOG, lower SMI, lower 
IMFF, and higher FMF. In multivariable analysis for 2- and 3-year survival, only ECOG and FMF remained significant.
Conclusion  CT-based markers of sarcopenia and myosteatosis show a prognostic value for assessment of survival in advanced 
pancreatic cancer patients undergoing HIFU therapy.
Clinical relevance statement  The results indicate a greater role of myosteatosis for additional risk assessment beyond clinical 
scores, as only FMF was associated with long-term survival in multivariable CPH analyses along ECOG and also showed 
independence to ECOG in group analysis.
Key Points 
• This study investigates the prognostic value of CT-based markers of sarcopenia and myosteatosis for patients with pancreatic  
   cancer treated with high-intensity focused ultrasound.
• Markers for sarcopenia and myosteatosis showed a prognostic value besides clinical assessment of the physical status  
   by the Eastern Cooperative Oncology Group score. In contrast to muscle size measurements, the myosteatosis marker fatty  
   muscle fraction demonstrated independence to the clinical score.
• The results indicate that myosteatosis might play a greater role for additional patient risk assessments beyond clinical  
   assessments of physical status.

Keywords  Tomography, X-ray computed · Pancreatic carcinoma · Sarcopenia · Survival analysis

Sebastian Nowak, Christoph Kloth, Alois M. Sprinkart, and Julian 
A. Luetkens contributed equally.

 *	 Sebastian Nowak 
	 Sebastian.Nowak@ukbonn.de

1	 Department of Diagnostic and Interventional Radiology 
and Quantitative Imaging Lab Bonn (QILaB), University 
Hospital Bonn, Venusberg‑Campus 1, 53127 Bonn, Germany

2	 Department of Nuclear Medicine, University Hospital Bonn, 
Venusberg‑Campus 1, 53127 Bonn, Germany

http://crossmark.crossref.org/dialog/?doi=10.1007/s00330-023-09974-6&domain=pdf
http://orcid.org/0000-0001-5175-5559


280	 European Radiology (2024) 34:279–286

1 3

treatment and during therapy. Besides the diagnostic inten-
tion, these CT scans can also be utilized opportunistically to 
assess the patient’s constitution. Here, muscle size measure-
ments are typically used as a surrogate marker for assess-
ment of muscle wasting in sarcopenia. Additionally, muscle 
radiodensity evaluations are used to measure infiltration of 
lipids into the intra- and intermyocellular compartments, 
termed myosteatosis [10–13]. This opportunistic approach is 
also driven by recent successes of deep learning in medical 
imaging, which increases the clinical applicability of image-
based analysis by automating otherwise time-consuming tis-
sue segmentations [14–16]. To date, the prognostic value of 
imaging-based assessment of sarcopenia and myosteatosis 
has been demonstrated for patients with pancreatic can-
cer receiving chemotherapy or surgical resection, but not 
for patients undergoing HIFU therapy [2, 10, 17–19]. For 
instance, a meta-analysis of multiple studies on body compo-
sition and sarcopenia observed significant overall effects for 
sarcopenia evaluations based on muscle size measurements 
in CT imaging of patients with resectable and unresectable 
pancreatic cancer [17]. Another study additionally observed 
a prognostic value of radiodensity measurements of the mus-
cles in CT for the evaluation of myosteatosis in patients with 
pancreatic cancer treated with palliative chemotherapy [10].

Therefore, the aim of this study was to evaluate the prog-
nostic value of CT-based assessment of sarcopenia and 
myosteatosis in comparison to clinical assessment of physi-
cal status by ECOG for survival prediction in patients with 
advanced pancreatic cancer undergoing local US-guided 
HIFU ablation. Additionally, this study aims to investigate 
associations between the image-based markers, ECOG, and 
basic clinical parameters.

Material and methods

With the approval of institutional review board of the Medi-
cal Faculty of the Rheinische Friedrich-Wilhelms-Universi-
tat Bonn, written informed consent was waived due to the 
retrospective, single-center nature of the study. The study 
was carried out in compliance with the ethical standards 
set in the 1964 Declaration of Helsinki as well as its later 
amendments. Consecutive patients with advanced pancre-
atic adenocarcinoma undergoing local US-guided HIFU 
treatment at our center between May 2014 and April 2020 
and available CT within 14 days prior to intervention were 
included. Sex, age, body mass index (BMI), and ECOG were 
assessed from the clinical data system. The musculus erector 
spinae was segmented on an axial CT slice at the level of the 
superior mesenteric artery by a deep learning method [15]. 
The automatic segmentation was then manually optimized 
by a medical resident and finally approved by a board-cer-
tified radiologist.

Abbreviations
BMI	� Body mass index
CPH	� Cox proportional hazards
ECOG	� Eastern Cooperative Oncology Group
FMF	� Fatty muscle fraction
HIFU	� High-intensity focused ultrasound
IMFF	� Intermuscular fat fraction
IQR	� Interquartile range
SMI	� Skeletal muscle index
SMRD	� Skeletal muscle radiodensity
US	� Ultrasound

Introduction

Pancreatic cancer is an oncologic disease with a very poor 
prognosis and an estimated 5-year survival rate of below 
10%. Surgical resection can cure pancreatic cancer in early 
stage; however, the majority of patients are already unresect-
able at initial diagnosis [1, 2]. Advanced pancreatic cancer is 
often associated with a very poor quality of life due to cancer 
pain and a very short life expectancy despite current onco-
logical treatment with chemotherapy or chemoradiotherapy 
[1]. Local ablation with minimal invasive high-intensity 
focused ultrasound (HIFU) is an additional treatment option 
that is often combined with palliative standard treatment, 
e.g., systemic chemotherapy. With this technique, thera-
peutic ultrasound (US) waves are focused on the pancreatic 
lesion to induce coagulative necrosis, leaving healthy tissue 
outside the focus unharmed. HIFU treatment has been shown 
to reduce disease-associated symptoms, e.g., cancer pain or 
tumor mass, and to prolong the survival of patients com-
pared to patients undergoing chemotherapy alone [1, 3, 4].

In patients with pancreatic cancer, a multifactorial syn-
drome, termed cancer cachexia, is particularly common [5]. 
This syndrome is induced by reduction of nutritional intake 
(e.g., due to cancer pain, fatigue, depression, insufficiency 
of pancreatic enzymes, or side effects of chemotherapy, e.g., 
nausea and vomiting) and an elevated energy metabolism 
(e.g., due to increased glucose and protein turnover because 
of advanced cancer) [2, 6]. Cancer cachexia is associated 
with ongoing loss of weight, skeletal muscle mass (termed 
sarcopenia), and physical performance leading to reduced 
quality of life and life expectancy [2, 5]. An established clini-
cal score for evaluating the physical performance and gen-
eral physical condition of patients is the Eastern Cooperative 
Oncology Group (ECOG) performance status that describes 
how limited the patient is in work activity, self-care, and his 
walking ability [7]. Evaluating the general physical condi-
tion by ECOG showed a strong prognostic value for outcome 
assessments in pancreatic and other cancer patients [8, 9].

Patients with advanced pancreatic cancer usually receive 
CT examinations for staging purposes prior to initiation of 
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CT‑based markers of sarcopenia and myosteatosis

Figure 1 illustrates the computation of image-based markers 
in detail. To assess muscle size, the established “skeletal mus-
cle index” (SMI) was calculated from the total area of muscle 
compartment and body height, as frequently applied in mus-
cle-based body composition analysis [2, 10, 12, 18, 20]. For 
myosteatosis assessment, the two previously proposed markers 
“skeletal muscle radiodensity” (SMRD) and “fatty muscle frac-
tion” (FMF) were determined [10, 13]. FMF aims to quantify 
the extent of intramuscular fat infiltration by relating the area of 
fatty degenerated muscle to the combined area of lean muscle 
and fatty degenerated muscle. To additionally assess intermus-
cular fat not captured by SMRD and FMF, the percentage of 
pure intermuscular fat tissue was extracted as “intermuscular 
fat fraction” (IMFF).

Statistical analysis

First, each CT marker was tested for associations with clini-
cal attributes. Therefore, the patients were divided into sub-
groups for sex, age and BMI (split by the respective median 
value), ECOG (score 0, 1, and ≥ 2), and the survival status 
after 1 and 2 years. For each subgroup, median and 25th 
and 75th interquartile ranges (IQR) are provided. Differ-
ences between the subgroups were assessed by the Mann-
Whitney U test for sex, age, BMI, and survival status, and 
the Kruskal-Wallis H test for ECOG (SciPy 1.8.0) [21]. Dif-
ferences with p value < 0.05 were considered significant.

Then, differences in survival time between subgroups split by 
clinical and image-based markers were examined in the Kaplan-
Meier analysis with the log-rank test. For this, all continuous 
parameters, i.e., all parameters except sex and ECOG, were 
divided into subgroups according to sex-specific median values.

Finally, all clinical attributes and imaging markers were 
examined in univariable CPH models as well as in multivari-
able CPH models including all parameters. Kaplan-Meier and 
CPH analyses were conducted with SPSS (27.0.0, IBM).

Results

Prior to analysis, 153 eligible patients treated with HIFU were 
identified. Eleven patients were excluded because no CT scan 
was acquired within 14 days prior to intervention, or due to 
missing body height or weight records at time of CT imaging. 
Therefore, a total of 142 patients (73 females, mean age 64.1 ± 
10.5 years, range 38–87.5) were included for analysis. Table 1 
shows detailed clinical characteristics of the patients included.

Median values and interquartile ranges for age, BMI, SMI, 
SMRD, FMF, and IMFF split into subgroups by sex, median 
age, median BMI, survival status after 1 and 2 years, and 
ECOG, are presented in Table 2. The following significant 
associations were observed: Male patients showed higher BMI 
and SMI. Patients with lower ECOG score had higher BMI 
and higher SMI. Patients with BMI higher than 21.8 kg/m2 
(median) were observed to have higher SMI and higher IMFF. 
Patients older than 63.3 years (median) showed lower SMRD, 
higher FMF, and higher IMFF. Patients who survived 1 year 
had higher BMI and SMI, and patients who survived 2 years 
had higher BMI compared to patients who died earlier. Fig-
ure 2 illustrates violin and boxplots for SMI, BMI, and IMFF 
split by sex, ECOG score, median age, and median BMI.

Table 3 shows 1-, 2-, and 3-year survival and the results 
of the Kaplan-Meier analysis with log-rank test for patients’ 
subgroups split by clinical and imaging-based parameters. 
Overall, the median survival time of all patients was 185 (IQR: 
99–404) days. Only 10 patients survived longer than 2 years. 
Patients with low SMI and patients with higher ECOG score 

Fig. 1   Overview of image-based markers. On the left, a trans-
versal CT scan slice at the level of superior mesenteric artery is 
shown. The musculus erector spinae was segmented applying a 
deep learning model. If necessary, automatic segmentations were 
manually optimized. The segmented area was subdivided into 

different tissue classes using different ranges of Hounsfield units 
(HU). The skeletal muscle index (SMI), skeletal muscle radioden-
sity (SMRD), fatty muscle fraction (FMF), and intermuscular 
fat fraction (IMFF) were calculated according to the definitions 
shown on the right
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had lower survival times. Figure 3 shows the corresponding 
3-year Kaplan-Meier survival curves. Hazard ratios and p val-
ues of the univariable and multivariable CPH models are shown 
in Table 4. Univariable CPH analyses for 1-, 2-, and 3-year sur-
vival showed that higher ECOG score, lower BMI, and lower 
SMI were associated with increased patient risk. Combining all 
parameters in multivariable CPH analyses for 1-year survival 
revealed that higher ECOG score, lower SMI, lower IMFF, and 
higher FMF were associated with increased patient risk. When 

parameters are examined in multivariable CPH models for 2- 
and 3-year survival, only ECOG and FMF remained significant.

Discussion

This study investigates the prognostic value of CT imaging 
markers for sarcopenia and myosteatosis in comparison to 
clinical assessment of physical status by the ECOG score 

Table 1   Clinical characteristics of the patients with advanced pancreatic cancer treated by high-intensity focused ultrasound at our center. 
ECOG:, Eastern Cooperative Oncology Group performance status

All Females Males All Females Males

Site of disease Biliary drainage
    Body and/or tail 48 (34%) 25 (34%) 23 (33%)   Metallic stent   20 (14%) 11 (16%)   9 (13%)
    Head 60 (42%) 28 (38%) 32 (47%)   Plastic stent   14 (10%)   9 (12%)    5 (7%)
    Head and body 34 (24%) 20 (28%) 14 (20%)   PTCD     1 (1%)   0 (0%)    1 (1%)
UICC stage Metastases
    Stage II   2 (1%)   2 (3%)   0 (0%)   Hepatic   65 (46%) 32 (44%) 33 (48%)
    Stage III 52 (37%) 26 (36%) 26 (38%)   Pulmonary   12 (8%)   7 (10%)   5 (7%)
    Stage IV 83 (58%) 44 (60%) 39 (56%)   Lymph nodes   36 (25%) 18 (25%) 18 (26%)
    Recurrence (after Whipple)   5 (4%)   1 (1%)   4 (6%)   Peritoneal   31 (22%) 16 (22%) 15 (22%)
ECOG Previous treatment
    Status = 0 42 (30%) 15 (21%) 27 (39%)   Chemotherapy 116 (82%) 60 (82%) 56 (81%)
    Status = 1 76 (53%) 41 (56%) 35 (51%)   Radiotherapy     9 (6%)   2 (3%)   7 (10%)
    Status ≥ 2 24 (17%) 17 (23%) 7 (10%)   Surgery (Whipple)     5 (4%)   1 (1%)   4 (6%)

Table 2   Median values and interquartile ranges of subgroups split 
by clinical parameters sex, age, body mass index (BMI), and Eastern 
Cooperative Oncology Group performance status (ECOG) and sur-
vival status after 1 and 2 years. Between the investigated subgroups, 
associations to age, BMI, survival status, skeletal muscle index 

(SMI), skeletal muscle radiodensity (SMRD), fatty muscle fraction 
(FMF), and intermuscular fat fraction (IMFF) were tested using the 
Mann-Whitney U test and for ECOG using the Kruskal-Wallis H test. 
Significant differences with p value ≤ 0.05 are indicated in bold

Clinical param. Subgroup Age BMI SMI SMRD FMF IMFF

Sex Male 63.9 [55.8–72.5]   22.6 [21.3–24.4]   13.5 [11.7–15.8]   45.1 [40.7–50.2]   17.3 [10.5–22.6]     4.3 [2.2–7.9]
Female 62.1 [56.8–73.2]   20.5 [19.4–22.7]   11.7 [10.1–12.9]   44.1 [37.6–47.8]   17.1 [13.6–27.1]     5.2 [3.3–8.2]
p value   0.64 < 0.01 < 0.01     0.24     0.4     0.08

Age > 63.3 -   22.0 [20.0–24.2]   12.3 [10.8–15.0]   41.0 [35.5–45.2]   21.9 [16.8–32.2]     5.8 [3.9–9.1]
≤ 63.3 -   21.8 [19.8–23.0]   12.5 [10.8–14.2]   48.4 [43.9–51.7]   13.2 [9.7–18.6]     3.3 [1.9–6.2]
p value -     0.43     0.54 < 0.01 < 0.01 < 0.01

BMI > 21.8 64.3 [56.6–73.3] -   13.5 [12.1–15.7]   43.9 [38.7–49.1]   19.1 [12.5–27.9]     5.3 [3.2–9.0]
≤ 21.8 62.0 [56.6–71.7] -   11.2 [9.4–12.9]   46.5 [40.6–49.8]   15.8 [11.8–22.5]     3.9 [2.0–7.2]
p value  0.63 - < 0.01     0.17     0.14     0.01

ECOG = 0 61.3 [54.6–67.1]   22.6 [20.8–26.1]   13.7 [11.7–16.3]   45.1 [40.6–48.9]   16.5 [11.8–23.9]     4.7 [2.9–8.9]
= 1 64.9 [56.7–73.4]   21.6 [19.6–23.2]   12.4 [10.7–14.2]   44.9 [39.5–50.0]   17.0 [12.0–26.0]     5.0 [2.9–6.9]
≥ 2 62.0 [59.2–74.6]   21.1 [19.4–22.9]   11.9 [9.8–12.5]   43.2 [36.2–48.0]   18.2 [12.0–28.6]     4.0 [2.3–8.7]
p value   0.17     0.03     0.01     0.47     0.74     0.94

Survival status 
after 1 year

Died 61.8 [56.6–73.2]   21.5 [19.6–23.4]   12.2 [10.5–13.7]   45.1 [38.8–50.1]   16.8 [11.9–26.7]     4.6 [2.3–7.8]
Survived 64.3 [55.6–71.6]   22.5 [20.8–25.0]   13.5 [10.9–16.6]   44.1 [39.9–48.8]   18.8 [11.6–25.6]     4.9 [3.0–7.8]
p value   0.96     0.02     0.01     0.97     0.95     0.65

Survival status 
after 2 years

Died 62.1 [56.6–73.2]   21.8 [19.8–23.6]   12.3 [10.7–14.2]   45.1 [38.5–50.0]   17.1 [11.8–27.1]     4.9 [2.4–7.9]
Survived 61.9 [56.1–65.3]   24.4 [22.3–27.9]   14.3 [12.6–15.6]   44.1 [42.7–47.6]   19.5 [14.3–21.2]     4.7 [4.2–5.1]
p value   0.47     0.02     0.10     0.83     0.77     0.74
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in patients with advanced pancreatic cancer treated with 
local US-guided HIFU ablation in addition to other pallia-
tive oncological treatments.

The results demonstrate that the ECOG performance sta-
tus is a strong predictor of patient survival following HIFU 
therapy in both, Kaplan-Meier and CPH analyses. Previous 
studies have already demonstrated that the assessment of 
the patient’s general physical condition by the ECOG score 
has a strong prognostic value for pancreatic cancer patients 
treated with chemo- or chemoradiotherapy and for other 

cancer patients [8, 9]. Interestingly, other previous studies 
that evaluated ECOG for pancreatic cancer patients treated 
with chemotherapy and/or surgical resection did not observe 
such a strong prognostic value [18, 19]. However, only two 
ECOG groups were considered in these studies (ECOG = 0 
and ≥ 1). This indicates that particularly a score of ECOG 
≥ 2 may be associated with increased mortality.

We investigated SMI, as this marker already demon-
strated a prognostic value for patients with pancreatic cancer 
treated by surgical resection and for various other oncological 

Fig. 2   Violin and boxplots for the muscle size assessing the skel-
etal muscle index (SMI), as well as for myosteatosis assessing mark-
ers skeletal muscle radio density (SMRD), fatty muscle fraction 
(FMF), and intermuscular fat fraction (IMFF) separated for females 
and males, separated at median age, separated at median body mass 

index (BMI), and separated for Eastern Cooperative Oncology Group 
performance status (ECOG). Differences between sexes, age, and 
BMI were tested using a two-tailed t test and between ECOG with 
Kruskal-Wallis H test, with significance indicated by an asterisk 
(***p values ≤ 0.001, **p values ≤ 0.01, *p values ≤ 0.05)
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diseases in previous studies [17, 19, 20, 22, 23]. In the sub-
group analysis, SMI showed a significant correlation to BMI. 
The significant hazard ratios of BMI and SMI in the univari-
able CPH analysis, their lower prognostic value in the multi-
variable CPH analyses, and their observed associations with 
ECOG suggest that part of the information of BMI and SMI is 
already well reflected by ECOG. However, the significant dif-
ferences in SMI between patients who survived and patients 
who died within 1 year, along with the prognostic value of 
SMI in Kaplan-Meier and in the multivariable CPH analysis 
for 1-year survival, indicate that image-based assessment of 
muscle size on CT imaging prior to HIFU treatment provides 
additional information particularly for short-term survival.

In addition to quantification of muscle size by SMI, which 
is typically used for image-based assessment of sarcopenia, we 
also investigated markers assessing myosteatosis. Of note, in 
contrast to SMI, all myosteatosis markers were associated with 
age. The increase of myosteatosis with age was also described 
in previous studies [11]. The markers for myosteatosis showed 
no associations with the ECOG performance score, sex nor 
BMI, while SMI and BMI were associated with sex and ECOG.

Mean radiodensity of the musculature is a myostea-
tosis marker that showed prognostic relevance within 
univariable CPH analyses in a previous study of patients 
with unresectable pancreatic cancer treated with pallia-
tive chemotherapy [10]. However, for the patient cohort 

Table 3   Evaluation of 
predictors of 1-, 2-, and 
3-year survival in patients 
with advanced pancreatic 
cancer undergoing ultrasound-
guided HIFU treatment using 
the Kaplan-Meier analysis. 
Differences in survival times 
were tested by the log-rank 
test. For each variable, patients 
were split into subgroups. For 
age, body mass index (BMI), 
skeletal muscle index (SMI), 
skeletal muscle radiodensity 
(SMRD), fatty muscle fraction 
(FMF), and intermuscular 
fat fraction (IMFF), patients 
were split according to the 
sex-specific median (SSM). 
Median survival times for each 
subgroup are given with 95% 
confidence interval. p values ≤ 
0.05, that indicate significance, 
are highlighted in bold

Number of events in… Median survival p value of the log-rank test

Variable Subgroup N 1 year 2 years 3 years Time [days]    1 year   2 years   3 years
Sex Male 69 40 60 62 222 [122–322]    0.10    0.23    0.21

Female 73 53 63 65 185 [161–208]
Age ≤ SSM 72 51 63 67 188 [138–238]     0.47    0.87    0.69

> SSM 70 42 60 60 196 [152–240]
BMI ≤ SSM 73 51 66 68 171 [138–204]    0.18    0.21    0.17

> SSM 69 42 57 59 241 [120–362]
ECOG = 0 42 21 31 33 353 [283–423] < 0.01 < 0.01 < 0.01

= 1 76 51 70 72 187 [118–256]
≥ 2 24 21 22 22   75 [0–154]

SMI ≤ SSM 72 50 66 68 161 [116–205]    0.04    0.02    0.01
> SSM 70 43 57 59 265 [174–356]

FMF ≤ SSM 72 51 64 66 173 [138–207]    0.26    0.22    0.16
> SSM 70 42 59 61 206 [152–260]

SMRD ≤ SSM 72 43 60 62 213 [161–265]    0.23     0.13    0.09
> SSM 70 50 63 65 175 [140–210]

IMFF ≤ SSM 72 48 63 64 173 [136–210]    0.49    0.52    0.72
> SSM 70 45 60 63 222 [132–312]

Fig. 3   The Kaplan-Meier curves for the 3-year survival of patients 
separated by the Eastern Cooperative Oncology Group performance 
status (ECOG) and by sex-specific median of the skeletal muscle 

index (SMI). Differences between groups were tested by the log-rank 
test and significance is indicated by an asterisk (***p values ≤ 0.001, 
**p values ≤ 0.01)
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of our study, no prognostic value of SMRD was observed 
in Kaplan-Meier nor CPH analyses.

Besides SMI and SMRD, we also investigated the two 
markers FMF and IMFF explicitly aimed at assessing inter- 
and intramuscular fat infiltration in myosteatosis. These two 
markers did not show any prognostic value when considered 
in Kaplan-Meier or univariable CPH analysis alone. However, 
both markers were significant predictors along with SMI when 
combined with clinical parameters in multivariable CPH analy-
sis for 1-year survival. Furthermore, FMF was the only image-
based marker that retained predictive value along with ECOG 
in the multivariable Cox models for 2- and 3-year survival.

Interestingly, IMFF was observed as a protective predictor with 
hazard ratios below one, in contrast to FMF, for which patient risk 
increases with higher values. Due to the observed association of 
the protective predictor IMFF with BMI, it may be assumed that 
larger intermuscular fat depots represented a better nutritional sta-
tus that prolongs short-term survival in the current cohort.

As described in other studies, the results of our study 
also underscore that sarcopenia and myosteatosis are not 
synonymous and that assessment of myosteatosis has the 
potential to provide important additional information [11].

Conclusion

In conclusion, this study demonstrates that image-based markers 
of sarcopenia and myosteatosis derived from pre-therapeutic CT 
scans have a prognostic value for patients with advanced pancre-
atic cancer after palliative HIFU therapy. Image-based assess-
ment of myosteatosis might play a greater role in the evaluation 
of a patient’s physical status along with the established ECOG 
score than simple muscle size measurements.
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Ethical approval  Due to the single-center and retrospective nature of 
the study, it was approved by the institutional review board of the Medi-
cal Faculty of the Rheinische Friedrich-Wilhelms-Universitat Bonn 
with waiver of written informed consent.

Study subjects or cohorts overlap  Some study subjects were included 
in a previous study. The aim of this previous study was to evaluate if 
a HIFU-induced early sterile inflammatory reaction is initiated after 
ablation of uterine fibroids and pancreatic carcinoma. The research 
question of the current submitted study has no overlap to this previous 
investigation (DOI: 10.1080/02656736.2021.1900926).

Methodology 
•	 retrospective
•	prognostic study
•	performed at one institution

Open Access   This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.
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