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Purpose
The prognosis of patients with hepatocellular carcinoma (HCC) undergoing transarterial
chemoembolization (TACE) is often uncertain. We aimed to utilize analytic morphomics, 
a high-throughput imaging analysis, to assess if body composition is predictive of post-TACE
survival.  

Materials and Methods
We included patients from a single center (Ann Arbor VA) who had TACE as the primary treat-
ment for HCC and had a pre-treatment computed tomography scans. Univariate analysis and
multivariate conditional inference tree analysis were utilized to identify the morphomic char-
acteristics predictive of 1-year survival. Results were validated in an external cohort (University
of Michigan Health System) of HCC patients who underwent TACE as their primary treatment.  

Results
In the 75 patients in the derivation cohort, median survival was 439 (interquartile range,
377 to 685) days from receipt of TACE, with 1-year survival of 61%. Visceral fat density
(VFD) was the only morphomic factor predictive of overall and 1-year survival (p < 0.001).
Patients with VFD above the 56th percentile had a 1-year survival of 39% versus 78% for
those below the 56th percentile. VFD also correlated with 1-year survival in the external val-
idation cohort (44% vs. 72%, p < 0.001). In a secondary analysis, patients with higher VFD
were significantly more likely to experience hepatic decompensation after TACE (p < 0.001).  

Conclusion
VFD served as an objective predictor of mortality in patients undergoing TACE, possibly
through its ability to predict hepatic decompensation. VFD may serve as a radiographic bio-
marker in predicting TACE outcomes.
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Introduction

Hepatocellular carcinoma (HCC) is increasing in frequency
and is a leading cause of cancer-related mortality worldwide
[1]. While tumor biology heterogeneity is an important 
determinant of outcome, patient-level factors are clearly 
important determinants of outcome. Established prognostic
factors at diagnosis include not only tumor burden, but also
degree of liver dysfunction, and the patient’s functional sta-
tus. The Barcelona Clinic Liver Cancer (BCLC) system incor-
porates each of these variables and is the most widely used
staging system in the Western hemisphere to assess progno-
sis in patients with HCC [2]. While societal guidelines use
the BCLC to provide guidance for initial treatment decisions,
its ability to predict treatment response and outcomes such
as long-term survival, particularly in the setting of HCC-
directed therapy, is currently limited [3]. Furthermore, we
have previously found that community practices often devi-
ated from practice guidelines especially in regards to the uti-
lization of transarterial chemoembolization (TACE) [4]. An
ability to objectively risk-stratify patients could result in
more judicious use of therapy or improved monitoring pro-
tocols for those patients at highest risk for treatment-related
adverse events.

Given high rates of late stage tumor detection, most HCC
patients are not eligible for or have limited access to curative
therapies such as surgical resection, liver transplantation, or
radiofrequency ablation [5]. Therefore, locoregional therapies
including TACE are the most widely used treatments for
HCC patients in clinical practice. While there are some clear
contraindications to TACE, we have limited ability to deter-
mine a priori who will experience the largest survival benefit
with treatment. Survival after TACE is impacted by multiple
factors, including treatment response and patient tolerance,
most notably development of new or worsening liver dys-
function or decompensation [4]. While functional status has
been shown to be predictive of outcomes in patients with
HCC, the Eastern Cooperative Oncology Group (ECOG)
score may have less prognostic value in the subset of patients
undergoing TACE [3,4]. This may be related to measurement
bias, given its subjective nature and inter-observer variability
[6,7]. A potential alternative approach to quantify functional
status is to measure a patient’s body composition, including
muscle, fat, and bone characteristics. This can be done via
computed tomography (CT) scan which is particularly rele-
vant as patients with HCC universally have baseline imaging
as part of diagnosis and staging.

Analytic morphomics is a novel approach that uses high-
throughput semi-automated image-processing techniques to
assess body composition [8,9]. The methodology analyzes
pre-existing CT scans, and precisely quantifies patient

anatomical components contained within the scans. By
anatomically indexing each scan, this methodology allows
for objective reproducible measurements which can be uti-
lized to assess the heterogeneity of patients. We have previ-
ously used analytic morphomics to identify predictors for
cirrhosis development, surgical outcomes, liver transplanta-
tion, and patients with HCC [9-12].

The primary aim of this study was to determine if analytic
morphomic characteristics could independently predict sur-
vival among patients undergoing TACE. A secondary aim
was to determine whether analytic morphomics characteris-
tics were able to predict hepatic decompensation after TACE.

Materials and Methods

1. Study populations

Our derivation cohort (Ann Arbor VA [AAVA] Cohort)
consisted of all patients with a new diagnosis of HCC who
underwent TACE as primary treatment at the Veterans 
Administration Ann Arbor Healthcare System (VAAAHS)
between January 2006 and December 2012 (n=109). The
VAAAHS is a tertiary care VA hospital system in the upper
midwest of the United States. Patients were identified using
multidisciplinary liver tumor conference presentation lists
and administrative databases using International Classifica-
tion of Diseases, 9th edition (ICD-9) codes (155.0 and 155.2),
as previously described [4]. We excluded patients without
pre-treatment CT scans (n=27), patients who subsequently
underwent curative therapy such as liver transplantation
(n=2), and those without complete morphomics data at T11
(n=5).

The validation cohorts consisted of all patients with treat-
ment naïve HCC who underwent TACE at the University of
Michigan (UMHS cohort) between January 2005 and March
2012 [13]. The University of Michigan is a tertiary care trans-
plant center, with a wide catchment area in the upper mid-
west United States. Patients in the validation cohort were
identified using ICD-9 codes for HCC, tumor conference
presentation lists, and HCC databases as previously 
described [14,15]. We applied the same exclusion criteria for
the UMHS cohort as the AAVA cohort.

HCC cases in both cohorts were adjudicated to confirm
they met diagnostic criteria based on American Association
for the Study of Liver Diseases guidelines [16]. For tumors
larger than 1 cm, HCC diagnosis required a typical vascular
pattern on dynamic imaging (arterial enhancement and 
delayed washout) or histology. Patients in both cohorts were
discussed in multidisciplinary Liver Tumor Boards for man-
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agement decisions, and curative treatments (liver transplan-
tation, resection, and local ablation) were recommended for
patients with early stage HCC whenever possible. Therefore,
TACE was primarily used for patients in whom curative
therapies were not applicable. This study was approved by
the Institutional Review Boards at the AAVA Healthcare Sys-
tem and the UMHS. 

2. Analytic morphomics

Pre-treatment CT studies were analyzed using analytic
morphomics in order to characterize patient body composi-
tion, as previously described [8,17-19]. Analytic morphomics
is a platform of semi-automatic image analysis software
which is able to anatomically index CT scan data so that each
measurement is precise and reproducible. Briefly, coded 
de-identified DICOM (Digital Imaging and Communications
in Medicine) files of all CT scans were loaded into the ana-
lytic morphomics server. DICOM files are the standard 
underlying data files that are used to store all CT image data.
Given the method of processing and required data, both con-
trast and non-contrast scans could be used. A semi-auto-
mated high throughput methodology with algorithms
programmed in MATLAB (MathWorks Inc., Natick, MA) 
enabled image processing and analysis. All algorithms 
involved a combination of user-defined points, automated
image processing, and user editing and verification. All 
imaging studies were first anatomically indexed using semi-
automated identification of spinal vertebral levels to allow
for accurate and standardized measurements of the same
area in each patient. A single slice was chosen, as this would
include all required body composition features while mini-
mizing processing time and potential radiation exposure for
future prospective studies. For this study, we examined mor-
phomic features that were measured at the inferior aspect of
the 11th thoracic vertebral level. This anatomic landmark
was chosen because this was felt to have the highest likeli-
hood of being available on both abdominal and chest CT
scans. Guidelines recommend a staging CT chest for all 
patient diagnosed with HCC. All geometries were saved in
a stereolithography format in the analytic morphomics data-
base with PostgresSQL and subsequently retrieved to calcu-
late geometric (linear distances or cross-sectional areas) and
Hounsfield Unit based measurements with customized algo-
rithms. For measurement of bone density, we used measure-
ments of trabecular bone. For muscle mass and quality
measurements, we used measurements of the dorsal muscle
group which is the core muscle at the T11 anatomical level.
Descriptions of all the analytic morphomic measurements
used for this study can be found in the data dictionary
(http://www.med.umich.edu/surgery/morphomics/data_
dictionary). 

Considering that age and gender are biggest confounding
factors for body compositions, all direct morphomics meas-
urements were matched with a reference population to gen-
erate the age and sex matched percentile for each measure-
ment. The reference population consists of over 6,000 
patients who underwent CT scans primarily for trauma 
indications. Patients scanned for trauma, which is a relatively
random event, constitutes a “normal” population to allow
for referencing. All statistical analyses were based upon the
percentile versions of analytic morphomics.

3. Clinical data collection

Patient demographics, clinical history, laboratory data and
imaging results for both cohorts were obtained through 
review of clinical databases and electronic medical records,
and extracted using standardized forms. Data regarding
presence of decompensation (ascites or hepatic encephalopa-
thy) were abstracted from clinical notes and classified as
none, mild or controlled, and severe or uncontrolled. ECOG
performance status, as determined by clinical provider at
time of HCC presentation, was also abstracted from clinical
notes. Laboratory data of interest at time of HCC diagnosis
included platelet count, aspartate aminotransferase, alanine
aminotransferase, bilirubin, albumin, international normal-
ized ratio, and -fetoprotein. Dynamic contrast-enhanced CT
or magnetic resonance imaging (MRI), as interpreted by 
radiologists at each site, were used to determine tumor char-
acteristics including number of lesions, maximum tumor 
diameter, lymph node involvement, portal vein invasion,
and presence of extrahepatic metastases. The BCLC criteria
were used for tumor staging with early stage defined as
BCLC stage 0 or A. Patient clinical course including dates of
treatment, follow-up imaging, and death was recorded for
each patient.

4. Statistical analysis

Post-treatment survival was estimated using Kaplan-Meier
analysis. Survival was defined from time of TACE to death;
survival for patients without death was censored at last clinic
visit. The primary outcome for statistical analyses was the
mortality risk at 1-year post-TACE given high risk of con-
founders influencing survival beyond 1 year. We developed
a prognostic model in the AAVA Cohort by using a Cox’s
proportional hazard regression with forward/backward 
selection from a combination of analytic morphomic vari-
ables (features from Table 1) and a priori important clinical
variables associated with survival (Child-Pugh class, TNM
tumor burden [III and IV were combined due to limited
numbers], and ECOG score). Furthermore, we employed the
conditional inference tree analyses to determine thresholds
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of morphomics in differentiating the risk of post-TACE mor-
tality [20]. Unlike the traditional classification and regression
tree analysis, the conditional inference tree method utilizes
a formal statistical framework to address multiple compar-
isons between groups and avoid over-fitting. The identified
thresholds of morphomic variables with the conditional 
inference tree analysis in the derivation AAVA cohort were
further validated in the UMHS cohort. In addition, we per-
formed subgroup analyses to determine whether analytic
morphomics were predictive of survival in subpopulations
of HCC patients, including (1) those patients are TACE eli-
gible according to BCLC treatment guidelines (ECOG 0-2, no
evidence of metastatic disease, Child-Pugh A or B); (2) those
patients with Child-Pugh A cirrhosis; and (3) those with
Child-Pugh scores of 5-7.

In a secondary analysis, we investigated whether analytic
morphomics characteristics predicted development of 
hepatic decompensation after TACE, a strong determinant
of overall survival in patients with HCC. Hepatic decompen-
sation was defined as an increase in Child Turcotte Pugh
score by  2 points, new ascites, new encephalopathy, or an
increase in total bilirubin by  2.0 mg/dL within 6 weeks of
receipt of TACE and prior to receipt of any other HCC-
directed therapy [21]. All statistical analyses were performed
using R 3.1.0.

Results

1. Patient population

There were 75 patients included in the AAVA derivation 
cohort and 90 patients in the UMHS validation cohort. Base-
line characteristics of the cohorts are shown in Table 2. The
derivation cohort had a higher proportion of males, hepatitis
C positivity, and more advanced cancer stage when com-
pared to the validation cohort. The vast majority of patients
in both cohorts had good functional status prior to TACE
(ECOG 0-1). The overall 1-year survival after TACE for both
cohorts was similar—61% for patients in the AAVA cohort
and 56% in the UMHS cohort. 

In the AAVA cohort, several muscle and fat characteristics
differed from the age- and sex-matched reference population
(Table 1). Although the overall core muscle area was near the
50th percentile, there was a predominance of low density
muscle, suggesting more fatty infiltration of muscle in HCC
patients. The total area within fascia region, subcutaneous
fat area and fascia circumference was similar to the reference
population. However, the visceral fat area was significantly
lower in the TACE population (p < 0.001). Also, the eccen-
tricity of fascia was also significantly smaller in the TACE
population (p < 0.001), suggesting a more-round abdominal
shape of these patients. S1 Table shows the body composition

Morphomic variable (at T11)
Raw values Percentiles

Median Q1 Q3 Median Q1 Q3

Distance from the fascia to the vertebra (mm) 160 146 173 62 39 80
Area of all muscle in the dorsal muscle group (mm2) 3,619 3,034 4,268 46 28 69
Ratio of normal density muscle 0.35 0.22 0.63 70 40 93
to the dorsal muscle area (ratio)

Low density dorsal muscle area (mm2) 938 662 1,418 69 37 94
Normal density dorsal muscle area (mm2) 2,625 2,067 3,245 37 21 57
Total fascia circumference (mm) 943 900 996 48 24 70
Eccentricity of an ellipse having the 0.62 0.56 0.65 29 12 47
same second-moments of the fascia region (ratio) 

Total area within the fascia region (mm2) 67,373 60,914 74,348 54 25 74
Subcutaneous fat area (mm2) 8,451 5,252 12,350 46 26 73
Bone mineral density (HU) 180 153 226 50 29 79
Visceral fat density (HU) 96 102 87 50 25 83
Visceral fat area (mm2) 8,458 5,553 11,365 30 19 43

Table 1. Summary of raw and percentile body composition features in derivation cohort

Q1 is the 1st quartile and Q3 is the 3rd quartile. The percentile value was referenced against a normal population controlling
for age and gender, which are unit less. The units for the raw values were specified in the row names. The smaller eccentricity
indicates a rounder body shape. HU, Hounsfield Units.
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characteristics and percentiles of the validation cohort. While
patients in the validation cohort had similar muscle charac-
teristics as the AAVA cohort, they had a larger fascia com-
partment and higher visceral fat density. Comparison of the
morphomic characteristics between the derivation and vali-
dation cohorts is shown in S2 Table.

2. Post-TACE survival

In the derivation AAVA cohort, higher Child-Pugh class,
higher TNM tumor burden, and increased visceral fat den-
sity were associated with increased risk of post-TACE mor-
tality (Table 3). Each percentile increase in visceral fat density
corresponded to 1% increase in the hazard for mortality (haz-
ard ratio, 1.01; 95% confidence interval, 1.00 to 1.03). Condi-

tional inference trees predicting post-TACE mortality con-
firmed that visceral fat density had the ability to risk stratify
these patients (S3 Fig.). The optimal threshold identified is
the 56th percentile of visceral fat density, with a higher den-
sity resulting in a higher mortality risk. In the AAVA and the
UMHS cohorts; 32 (43%) and 54 (59%) patients fell into the
high-risk category respectively. The Kaplan-Meier survival
curves stratified by this fat density threshold showed a sta-
tistically significant difference in 1-year survival in both 
cohorts; 39% vs. 78% (p < 0.001) and 44% vs. 72% (p < 0.001)
for the AAVA and the UMHS cohorts respectively (Fig. 1A
and B).

Table 2. Clinical descriptive data of derivation and validation cohorts
Derivation cohort (n=75) Validation cohort (n=90) p-value

Age (yr) 60.0 (56-62) 59.0 (54-65) 0.38
Male sex 73 (97) 76 (84) 0.09
BMI 27.7 (23.8-31.1) 29.1 (25.7-32.5) 0.46
Diabetes 25 (25) 32 (36) 0.18
Hypertension 51 (68) 53 (59) 0.26
HCV+ 63 (84) 55 (61) < 0.001
Child-Pugh class A/B/C 47/24/4 50/31/9 0.49
TNM stage I/II/III/IV 36/25/13/1 23/30/23/14 < 0.001
Barcelona stage 0/A/B/C/D 1/16/15/38/5 2/23/32/24/9 0.02
ECOG status 0/1/2/3 35/35/4/1 58/26/4/2 0.09
AFP 38.5 (13.1-215.4) 29.4 (7.9-235.3) 0.46
Total bilirubin 1.2 (0.7-1.9) 1.2 (0.7-2.0) 0.93
Albumin 3.2 (2.8-3.8) 3.6 (2.1-3.98) 0.01
MELD 9 (8-11) 10 (7-12) 0.47
Multifocal 40 (53) 55 (61) 0.35

Values are presented as median (range) or number (%). For continuous variables, median and interquartile were shown, and
p-values were from Mann-Whitney U test. For categorical variables, counts (and frequency if binary) were shown, and 
p-values were from Fisher exact test. BMI, body mass index; HCV, hepatitis C virus; ECOG, Eastern Cooperative Oncology
Group; AFP, -fetoprotein; MELD, Mayo End Stage Liver Disease score.

Table 3. Cox proportional hazard model for survival after TACE
HR 95% Confidence interval

Child-Pugh class B (reference: class A) 2.15 1.03-4.48
Child-Pugh class C (reference: class A) 2.69 0.82-8.80
TNM stage II (reference stage I) 1.88 0.95-3.72
TNM stage III or IV (reference: stage I) 2.56 1.13-5.80
Visceral fat density percentile 1.01 1.00-1.03

TACE, transarterial chemoembolization; HR, hazard ratio.
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3. Secondary outcomes

A total of 27% patients in the AAVA cohort had decompen-
sation after TACE, with a median time from TACE to 
decompensation of 5 days (the first and third quartiles are
2.75 and 14 days, respectively). As expected, patients with 
decompensation after TACE had significantly worse 1-year
survival than those without decompensation (27% vs. 74%, 
p < 0.001). In univariate analysis, patients with hepatic 
decompensation after TACE had significantly higher visceral
fat density (median, 76; interquartile range [IQR], 61 to 90)
than those without decompensation (median, 34; IQR, 18 to
60) (p < 0.001). In a multivariate logistic regression model
with similar forward/backward selection as Cox regression,
visceral fat density remained significantly associated with 
development of hepatic decompensation (p < 0.001) (S4 Table).

Patients with ascites at time of TACE had significantly
higher visceral fat density when compared to those without
a history of ascites (84 vs. 36, p < 0.001). In our sub-analysis
of patients in both cohorts who were TACE eligible accord-
ing to BCLC criteria (n=109), there were 57 patients above
and 52 patients below the 56th percentile. Patients in the
higher density group had significantly worse 1-year survival
(31% vs 67%, p < 0.001.) We next performed an exploratory
subgroup analyses in those with Child A cirrhosis and those
with Child-Pugh scores 5-7 to evaluate if visceral fat density
could be a marker of early portal hypertension. Among
Child-Pugh class A patients from both cohorts (n=97), the
visceral fat density cutoff of 56 was significantly associated
with 1-year survival (29% vs. 80%, p < 0.001) (Fig. 2). Simi-

larly, in patients with Child-Pugh scores of 5-7 (n=120), the
visceral fat density cutoff of 56% was significantly associated
with 1-year survival (31% vs. 73%, p < 0.001). By contrast, in
the subset of patients with Child-Pugh score 8-12, visceral fat
density was not predictive of outcome as this feature is 
unlikely to differentiate patients with more advanced liver
disease. 

Fig. 2.  Kaplan-Meier survival curve of all Child-Pugh
class A patients from derivation and validation cohort
stratified by visceral fat density. 
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Fig. 1.  Kaplan-Meier survival of the derivation cohort (A) and the validation cohort (B) stratified by visceral fat density. 
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Discussion

There are limited clinical tools and biomarkers for predict-
ing outcomes for patients undergoing locoregional therapies
for HCC. We have shown that use of analytic morphomic
measurements, specifically visceral fat density at T11, can 
objectively predict the risk of hepatic decompensation and
survival in patients undergoing TACE. In the multivariate
analysis, each percentage change in the visceral fat density
reflected a 1% change in the hazard survival probability. The
prognostic value of visceral fat density cutoff derived from
the AAVA cohort was confirmed in an external validation
cohort of patients from UMHS, an academic medical center
with a demographically dissimilar population from the
AAVA cohort. 

Our secondary analyses suggest that visceral fat density
may be associated with portal hypertension and can poten-
tially predict development of hepatic decompensation after
TACE. Importantly, visceral fat density is predictive of sur-
vival even in a combined cohort of well compensated Child-
Pugh class A patients, who traditionally are thought to do
well after TACE. We hypothesize that visceral fat density
could serve as a marker of early portal hypertension that is
present prior to the development of ascites and other overt
clinical manifestations of portal hypertension. Higher vis-
ceral fat density may correlate with an increase with shunt-
ing of portal blood flow or local edema in the interstitial
tissue. As fat is less dense than water, an increase in water
within the fat would increase overall measurement of vis-
ceral fat density. This may explain why patients with higher
visceral fat density values predicted decompensation and
suggests that this morphomics measure may be an early non-
invasive marker for portal hypertension. 

A priori predictors of outcome for patients undergoing
TACE are largely limited to traditional predictors of decom-
pensation and overall survival including liver function and
tumor burden, with patients with poorer liver function and
higher tumor burden experiencing worse outcome after
TACE [4,22-24]. Analytic morphomics could be a more sen-
sitive prognostic marker than traditional clinical variables,
and may be particularly useful in patients with intact liver
function. 

The limitations of our study include inherent biases asso-
ciated with retrospective study design. Although analytic
morphomics is versatile, at the present time we can only per-
form image analysis on CT data files and for patients who
only had an MRI, we were unable to include them in the
study. However, patients with HCC undergo a CT scan of
their thorax for staging purposes, thus morphomic informa-
tion at the T11 level is typically available for all patients with
HCC [16]. Another limitation is variation in TACE technique

(doxorubicin-eluting bead TACE vs. conventional TACE)
given long study duration, however studies have shown
equivalent efficacy in the treatment of HCC [25,26]. Addi-
tionally, we collected morphomics data at baseline before
first TACE but locoregional therapies can be applied after the
first TACE and may impact 1-year survival. Other unmea-
sured or poorly measured confounders for survival not were
captured given retrospective nature of this analysis. We also
included patients who fall outside of BCLC treatment guide-
lines for TACE (BCLC C and D), but real world analyses have
shown poor adherence to BCLC guidelines in clinical prac-
tice with lack of impact on outcomes [27]. Finally, our cohorts
are relatively small, limiting our power and ability to con-
duct more nuanced sub-analyses. Future steps would 
include validation in larger cohorts of patients undergoing
TACE and potential development of a clinical prediction
model, which incorporates clinical factors with analytic mor-
phomic characteristics.

In conclusion, we have shown that an analytic morphomic
parameter, namely visceral fat density, is a prognostic factor
for survival after TACE in both a derivation and external val-
idation cohort of patients with HCC. Visceral fat density
could be a surrogate for early portal hypertension and can
be used as an objective risk stratification method for patients
with HCC undergoing TACE. While further validation is 
required, visceral fat density may play a role as a radi-
ographic biomarker in clinical risk prediction for patients 
undergoing TACE.
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