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Abstract

Purpose—Sarcopenia is an independent prognostic indicator for hepatocellular carcinoma
(HCC). Our objective was to determine the effect of sarcopenia on response to systemic targeted
therapy in patients with advanced HCC.

Materials and methods—This was a retrospective, Institutional Review Board approved study
of 36 patients on systemic targeted therapy with immune checkpoint blockade (r7= 25) or tyrosine
kinase inhibitor (7= 11) for biopsy-proven advanced HCC. Skeletal muscle index (SMI) was
calculated from erector spinae muscle area (SMA) at the level of T12 on pretreatment CT: [SMI =
SMA (cm?)/height (m?)]. SMI was compared to treatment response defined as overall survival > 1
year (nonsurgical patients) or > 50% HCC necrosis (surgical patients). Receiver operating
characteristic curve and area under the curve was used for analysis with p < 0.05 for statistical
significance.
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Results—Median age of men and women was 66.5 years (range 32-83) and 70 years (range 54—
78), respectively. Liver disease etiology was nonalcoholic steatohepatitis (77 = 9), hepatitis C (n=
10), hepatitis B (7= 5), alcohol (s7=3) and unknown (7= 9). Mean (x SD) height and SMI for
men were 1.7 m (x 0.1) and 11.4 (+ 3.6); values for women were 1.7 m (£ 0.1) and 8.2 (+ 1.9).
Treatment was withdrawn in five patients due to treatment intolerance. Response occurred in 10/31
(32.3%) patients (23 men, 8 women). T12SMI correlated with treatment response using a
threshold of 7.21-8.23 for women (AUC = 1; p=0.037), and 11.47 for men (AUC =0.83; p=
0.015); correlation was increased for men = 60 years, (AUC = 0.87; p=0.023).

Conclusion—Sarcopenia was associated with reduced survival and HCC necrosis in patients
treated with systemic targeted therapy.

Clinical relevance—Sarcopenia may help in predicting outcomes to targeted therapy in

advanced HCC.
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Introduction

Hepatocellular carcinoma (HCC) usually presents with advanced stage disease not amenable
to curative surgical treatment and has a poor prognosis. Molecular targeted therapy has
become standard-of-care for the treatment of advanced HCC. Oral tyrosine kinase inhibitors
(sorafenib and lenvatinib) have shown some improvement in survival and have been used for
frontline systemic treatment of advanced HCC in patients with preserved liver function. The
median overall survival is increased from 7.9 to 10.7 months in patients treated with
sorafenib [1]. Patients with failure of response or intolerance to these agents are treated with
immune checkpoint blockade (ICB) using anti-programmed cell death protein 1 (anti-PD-1)
monoclonal antibodies (e.g. pembrolizumab and nivolumab) [2]. More recently anti-PD-1
therapy (atezolizumab) in combination with anti-VEGF (bevacizumab) has been approved as
frontline standard-of-care therapy [3]. Identification of patients suitable for treatment with
molecular targeted therapy depends not only on stage of disease but also assessment of
patient’s ability to tolerate treatment. Important considerations include degree of
preservation of liver function as indicated by a Child—Pugh class A liver disease score, and a
good patient performance status (functional capacity) as indicated by a Eastern Cooperative
Oncology Group (ECOG) performance score of 0 or 1. A more objective determination of
patient performance status or frailty can be obtained through assessment of sarcopenia (low
muscle mass) [4-6]. Sarcopenia refers to skeletal muscle loss which occurs in 20-70% of
cancer patients and is associated with chemotherapy toxicity (e.g. capecitabine and
epirubicin) and reduced survival patients [7-9]. Sarcopenia has also been associated with
poor outcomes or toxicity to tyrosine kinase inhibition (sorafenib) in patients with HCC and
to immune checkpoint blockade in patients with lung and breast cancer [9, 10]. However, the
relationship of sarcopenia to immunotherapy outcome in HCC is unknown. The purpose of
our study was to determine the effect of sarcopenia on response to systemic targeted therapy,
including immunotherapy, in patients with advanced HCC.
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Materials and methods

Imaging

We retrospectively reviewed pretreatment clinical chest CT images of patients identified
from 2016 to 2019 through our institution’s liver cancer clinic. All patients had biopsy-
proven advanced HCC and were enrolled in a targeted therapy clinical trial. The thoracic CT
scans were obtained as part of patient care at the time of entry into the clinical trial. The
study was approved by our Institutional Review Board with waiver of informed consent.
Some of the patients had liver MRI data used in a previously published study with different
objectives [11]. All patients were over the age of 18 years and had an ECOG performance
score of 0 or 1 (i.e. high level of patient function with respect to daily activities), and Child—
Pugh class A liver disease (i.e. preservation of liver function). Although all patients had a
thoracic CT and liver MRI within 1 week of starting treatment in accordance to the parent
clinical trial, we chose the thoracic CT to obtain muscle area measurements to ensure
consistency of vertebral level selection for all subjects. Measurements of the erector spinae
muscle area was obtained at the level of T12 (approximate level of the celiac axis). The
population consisted of 36 patients (16 surgical and 20 non-surgical patients) including 28
men and 8 women treated with systemic targeted therapy. Twenty-five of the patients were
treated with immune checkpoint blockade (pembrolizumab or nivolumab + ipilimumab) and
11 patients were treated with a tyrosine kinase inhibitor (sorafenib). All surgical patients had
neoadjuvant immune checkpoint blockade therapy for 6 weeks prior to HCC resection.
Nonsurgical patients had clinical follow-up for up to 2 years. In the nonsurgical group, 11 of
20 were treated with a tyrosine kinase inhibitor while the remainder were also treated with
immune checkpoint blockade. The dates of documented disease progression and death were
obtained from the patients’ electronic medical records. Since both surgical and nonsurgical
patients were included we used different endpoint indicators of response to systemic targeted
therapy. Treatment response for the study was defined as overall survival (OS) > 1 year in
nonsurgical patients and > 50% necrosis in resected HCC (after 6 weeks of neoadjuvant
treatment) by pathology review for surgical patients.

CT scans through the chest were obtained on a 64-slice multi-detector CT (GE, Milwaukee,
Wisconsin). Intravenous iodinated contrast (2.0 mL/kg iohexol 300) was administered at a
rate of 3-5 mL/s. Images were acquired in the arterial phase (20 s after start of contrast
injection). CT images reconstructed at 2.5 mm slice thickness were used for interpretation.

Image analysis

Bilateral erector spinae muscle area measurements were obtained at the level of the lower
third of the T12 vertebral body. Image analysis was performed in a blinded manner by a
single radiologist. Although outcome data with liver MRI findings for some of the subjects
have been previously published [11], the muscle measurements were performed on images
from the pretreatment clinical chest CT without data on treatment response. The erector
spinae muscles were manually segmented on our picture archiving and communication
system (Philips Medical, Andover MA) using a single axial CT image, Fig. 1. The single
axial image was selected from the lower third of the T12 vertebral body. The segmented area
of the erector spinae muscle area measurement (cm2) was converted to a skeletal muscle
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index (SM1) by dividing by the square of the patient’s height (m?) [8, 9]. The pretreatment
skeletal muscle index for men and women was compared to treatment response defined as
overall survival = 1 year or > 50% necrosis of the resected HCC.

Pathologic analysis

The pathologic review was performed as part of the parent clinical trial by a liver pathologist
(A.R.) with more than 20 years of experience. Study-specific identifiers were used to ensure
blinded interpretation of pathology. Entire tumors and representative sections of larger
tumors were embedded for histology. Hematoxylin- and eosin-stained slides were prepared
with formalin-fixed, paraffin-embedded tissue sections. Resected HCC specimens were
analyzed for treatment effect, which was recorded as percent viable tumor versus necrosis.
Accurate assessment of the percent HCC necrosis was not possible from the liver core
biopsies obtained in nonsurgical patients. Study-specific identifiers were used to ensure
blinded interpretation of pathology.

Statistical analysis

Results

Response to targeted therapy was defined as an overall survival duration of at least 1 year for
nonsurgical patients and greater than 50% tumor necrosis according to pathology for
surgical patients. The area under the receiver operating characteristic curve (AUROC) was
used to assess the diagnostic performance of the pretreatment T12 skeletal muscle index as a
predictor of response in men and in women. An optimal cutoff threshold was selected using
Youden’s index, and sensitivity and specificity of imaging measurements were reported. All
tests were two-sided, and p values of 0.05 or less were considered significant. Box plots
were used to display and compare the distributions of imaging measurements between
response groups. Statistical analyses were performed using JMP Pro 14 (SAS Institute Inc.,
Cary, NC).

The median age of men and women was 66.5 years (range 32 to 83) and 70 years (range 54
to 78), respectively. Liver disease etiology was NASH (n=19), HCV (n=10), HBV (n=5),
alcohol (7= 3) and unknown (7= 9). Patient characteristics for men and women are shown
in Table 1. For men, mean + standard deviation (+ SD) value for height was 1.7 m (x 0.1)
and for erector spinae skeletal muscle area (SMA) was 33.6 cm? ( 10.3). For women, mean
(+ SD) value for height was 1.7 m (+ 0.1) and for SMA was 22.5 cm? (+ 5.5). The mean (=
SD) T12 skeletal muscle index (T12SMI) for men and women were 11.4 (+ 3.6) and 8.2 (
1.9), respectively. The mean (+ SD) HCC size for men and women was 5.1 cm (+ 3.8) and
4.3cm (+ 2.8).

Treatment with sorafenib, was discontinued in five patients due to drug-related
complications: anemia (7= 1), low platelets (n= 1), hand and foot syndrome (7= 1), colon
perforation (r7= 1), unspecified gastro-intestinal complication (/7= 1). Treatment response
was determined in the remaining 31 patients (surgical 7= 16; nonsurgical /7= 15). Treatment
response occurred in 10 of the 31 (32.3%) remaining patients, Table 2. The mean (+ SD)
HCC size was 5.8 cm (£ 3.7) and 3.8 cm (+ 3.2) for surgical and nonsurgical patients,
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respectively. Four of the 16 surgical patients showed treatment response with greater than
50% HCC necrosis, i.e. less than 50% viable tumor, Fig. 2. Six of the 15 nonsurgical
patients showed treatment response with an overall survival of 1 year or more. The T12SMI
was significantly correlated with treatment response for women and men, Fig. 3. A T12SMI
threshold of 7.21 to 8.23 for women was associated with an AUC of 1, p=0.037, and a
threshold of 11.47 for men was associated with an AUC of 0.83, p=0.015. The correlation
of T12SMI with treatment response was increased (AUC = 0.87, p= 0.023) for men aged 60
years or more. All 5 nonsurgical patients who had discontinuation of treatment with
sorafenib due to complications were men with a mean (x SD) T12SMI of 10.3 (£ 2.4).

Discussion

In our study we found that a lower SMI was associated with shorter survival (< 1 year) and
less HCC necrosis (< 50% necrosis or > 50% viable tumor) with targeted therapy. The five
patients requiring discontinuation of treatment due drug intolerance also had a low T12SMI.
Our findings are consistent with prior studies that have shown a negative association of
sarcopenia to chemotherapy and targeted therapy in other solid tumor types [12-15].

Various techniques at different vertebral levels in the chest and abdomen have been
employed to determine skeletal muscle loss. The axial level selected for calculation of SMI
is often dependent on the anatomical coverage of CT scans that are acquired for clinical care
purposes [16]. Thus the L3 level has been commonly used for CT scans of the abdomen and
pelvis, while the T12 level has been used for CT scans of the chest. However, a CT of the
abdomen only or a liver MRI may not include the L3 vertebral body, and in this situation
T12 can be a helpful surrogate. In our retrospective study, the L3 vertebral body was not
consistently included on liver MRI. We therefore selected the T12 level on the pretreatment
chest CT to avoid additional imaging studies. Derstine et al. [16] reported an excellent
correlation between muscle area measurements performed at multiple levels from T10 to L5
supporting the validity of calculating SMI at different axial levels. In a large study of healthy
adults in the U.S. the mean (x SD) T12SMI values for men and women were reported as
44.1 (£ 7.7) and 34 (+ 6.6), respectively [16]. The T12SMI values were much lower in our
study since we only included the erector spinae muscle, Table 1. However, our
measurements were closer to those of a study of 180 patients with idiopathic pulmonary
fibrosis, which also only included erector spinae muscles and reported mean (+ SD) T12SMI
values for men and women of 10.7 (x 3.3) and 9.9 (+ 3.1) [17]. The slight difference
between the T12SMI values in patients with idiopathic pulmonary fibrosis and those in our
study could in part be attributed to differences in slice selection for the T12 vertebral level.
The major contributing factor for SMI differences in comparison to healthy adults is that
cancer and chronic disease are associated muscle loss [6, 18].

Sarcopenia occurs with aging, in chronic diseases and in patients with cancer. The process of
ageing is variable among individuals and is influenced by multiple factors such as genetics,
co-morbidities and environment. Similarly, immune changes seen with aging are also
variable. Importantly, the degree of frailty (functional limitations of performance and
physical disabilities) in a patient affects immune-competence [19]. Sarcopenia is a key
feature of frailty. The clinical assessment of a patient’s ability to perform daily activities is
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used to determine the degree of frailty, and is performed using the ECOG performance status
but may be better quantified using skeletal muscle index. The development of immune
senescence (decline in adaptive and innate immunity) with age is likely a result of many
interacting cytokine and hormonal alterations. Nonetheless, increased age, muscle loss and
immune senescence are thought to be interlinked [19-22]. Skeletal muscle is known to
produce cytokines (myokines) [21] and it has been suggested that sarcopenia causes a
change in cytokine expression which alters the immune cell population. For example,
skeletal muscle expresses high levels of interleukin-15 (IL-15) which is important for the
development and survival of natural killer (NK) lymphocytes. The NK lymphocytes are
important for controlling intracellular infectious agents and cancer [19-22]. Alterations in
other immune cell populations, such increased myeloid-derived suppressor cells (MDSCs),
that have been reported with increasing age may also be linked to skeletal muscle loss
through changes in production of myokines [23, 24]. Our observation of the association of
reduced targeted therapy response with sarcopenia in patients with HCC may be related to
immune function impairment. Larger studies would be required to demonstrate the
incremental effect of sarcopenia on increasing patient age.

Our study had some limitations. First, our patient number is small since this was a
retrospective review of CT scans obtained for patients enrolled in clinical trials. Second,
patient therapy with targeted agents was not uniform. The majority of patients (25 of 36 or
69%) in our study were treated with immune checkpoint blockade, while 11 patients were
treated with a tyrosine kinase inhibitor (sorafenib). However, our observation of poor
outcomes linked to lower SMI is consistent with that of studies using sorafenib for advanced
HCC. Similarly, a poor response to immune checkpoint blockade in association with low
SMI has been described in lung cancer. Third, we included both surgical and nonsurgical
patients because of the small number of patients enrolled in early clinical trials. Therefore, it
was necessary to include different criteria as indicators of treatment response. However,
irrespective of whether patients had nonsurgical or surgical treatment, all clinical trial
patients had preserved liver function and advanced HCC, and overall larger HCCs occurred
in the surgical patients.

In summary, our preliminary study suggests that quantification of skeletal muscle index in
patients with advanced HCC may be a predictive factor of treatment tolerance and response
to targeted therapy including immune checkpoint blockade.

Conclusion

Sarcopenia was associated with reduced survival and HCC necrosis in patients treated with
targeted therapy for HCC.
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Fig. 1.
Axial CT scan at the level of T12 showing segmented erector spinae muscle (broken line)
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Fig. 2.

Agslide showing part of a right hepatectomy specimen containing a 5.0 cm necrotic mass
with no viable tumor. The Hematoxylin & Eosin stain at x 10 magnification shows the
necrotic mass (*) rimmed by fibrous scar (small arrow) with peri-tumoral inflammatory cells
(large arrows)
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Fig. 3.

a gBox and whisker plots of T12 skeletal muscle index (SMI) for women with (1) and
without (0) treatment response. A T12SMI threshold value of 7.21 to 8.23 for women was
associated with an AUC of 1, p=0.037. b ROC curve for T12SMI as a predictor of
treatment response for all men; the AUC was 0.83. A threshold T12SMI value of > 11.47 to
predict treatment response had a sensitivity of 86% and specificity of 81%. ¢ Box and
whisker plots for T12SMI for all men with (1) and without (0) treatment response. d ROC
curve for T12SMI as a predictor of treatment response for men aged = 60 years; the AUC
was 0.87. A threshold SMI value of = 11.47 to predict treatment response had a sensitivity of
80% and specificity of 92%. e Box and whisker plots for T12SMI for men aged = 60 years
with (1) and without (0) treatment response. a Box and whisker plots of T12 skeletal muscle
index (SMI) for women with (1) and without (0) treatment response. A preoperative
T12SMl yielded an AUC of 1, p=0.037. A T12SMI threshold value of 7.21 to 8.23 for
women was associated with an AUC of 1, p=0.037. b ROC curve for T12SMI as a
predictor of treatment response for all men; the AUC was 0.83. A threshold T12SMI value
of = 11.47 to predict treatment response had a sensitivity of 86% and specificity of 81%. c
Box and whisker plots for T12SMI for all men with (1) and without (0) treatment response.
d ROC curve for T12SMI as a predictor of treatment response for men aged = 60 years; the
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sensitivity of 80% and specificity of 92%. e Box and whisker plots for T12SMI for men
aged = 60 years with (1) and without (0) treatment response
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