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Advance in Knowledge

Dual-phase cone-beam CT (DPCBCT) technology allows for hepatocellular
carcinoma (HCC) imaging at both early and delayed arterial phases using only one
contrast injection during drug-elutings bead transarterial chemoembolization (DEBTACE)

A statistically significant relationship exists between post-DEB-TACE DPCBCT
HCC enhancement and objective MRI HCC 1-month response, indicating that
DPCBCT may be used during DEB-TACE to predict HCC 1-month response

Implications for Patient Care

DPCBCT technique should be included into the very early intra-procedural
assessment of therapy response in patients with HCC who undergo DEB-TACE

Summary Statement

This study demonstrates that intra-procedural DPCBCT imaging can be used at the
time of DEB-TACE to predict HCC 1-month MRI response

ABSTRACT

Purpose: To investigate whether intra-procedural dual-phase C-arm cone-beam CT
(DPCBCT) can predict hepatocellular carcinoma (HCC) 1-month response during
drug-eluting beads transcatheter arterial chemoembolization (DEB-TACE).
Materials and Methods: IRB approval and patient informed consent were obtained
for this prospective HIPAA-compliant study. Forty-seven targeted lesions in 27
patients (15 male; 12 female; mean age, 61.9±10.7 years) with unresectable HCC
treated using DEB-TACE on a DPCBCT capable C-arm interventional radiology
system were analyzed. MRI was performed 1 month before and after DEB-TACE.
Intra-procedural DPCBCT imaging was done prior to and immediately following
DEB-TACE. Pre- and post-procedural CBCT tumor enhancement (TE) at early- and
delayed arterial-phases was assessed blind to MRI findings. Tumor response (TR)
was measured according to European Association for the Study of the Liver (EASL)
criteria. Logistic regression models for the correlated data were used to assess and
compare changes in TE between modalities.
Results: An objective (complete or partial) EASL TR was achieved in 74.5% and
76.6% of lesions at 1 month post-DEB-TACE on MR arterial- and portal venousphases, respectively. Paired T-tests comparing pre- and post-DEB-TACE TE showed
statistically significant average reduction in TE for both modalities by phase and
lesion (P<0.0001). CBCT TE decrease post-DEB-TACE linearly correlated with
MRI, estimated correlation coefficient was excellent for both first (0.79) and second
(0.67) phases. A statistically significant relationship between post-DEB-TACE CBCT
TE and objective MRI TR was found for both first (OR, 0.95; 95%CI, 0.91-0.99;

P=0.023) and second (OR, 0.96; 95%CI, 0.93-0.99; P=0.035) phases, respectively, in
the multivariate logistic regression model.
Conclusion: Intra-procedural DPCBCT technology can be used at the time of DEBTACE to predict 1-month EASL HCC response.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the third most common cause of cancer
death worldwide (1). The majority of patients present with intermediate or advanced
disease that is not amenable to curative treatment, and the median survival in this
group is 6 to 8 months (2). Well-designed randomized trials have shown the positive
impact of transcatheter arterial chemoembolization (TACE) on increasing the survival
for these patients (3,4). The conventional chemoembolizing agent used is a lipiodolchemotherapy suspension. While there has been success, this 30+ year old anti-cancer
cocktail has significant side-effects, including pain, low level fevers, and nausea and
vomiting (post-embolization syndrome) that diminishes the quality of life after the
procedure. As such, a new type of chemoembolizing agent has been developed in the
recent years using microspheres with drug-eluting capabilities that can be
administered intra-arterially in the same manner as conventional TACE. These
microspheres or drug-eluting beads (DEBs) allow for controlled and sustained drug
delivery and minor blood dispersion of the drug compared with conventional TACE
(5,6). The first clinical studies with TACE using DEBs (DEB-TACE) in the treatment
of HCC showed a high index of tumor necrosis, a low incidence of toxicities, and
overall response rates varying from 50% to 75%, even for patients with advanced
HCC (7–11).
Early assessment of the effectiveness of TACE and monitoring tumor response
are paramount to identify treatment failure, to help guide future therapy, and to
determine the time interval of repeat treatment. Conventionally, response is evaluated
by magnetic resonance imaging (MRI) at 1-3 months after TACE according to the
Response Evaluation Criteria in Solid Tumors (RECIST) (12–14). However,

assessment of anatomical response in the early post-treatment period can be
misleading because a reduction in tumor size often does not correlate with the degree
of tumor necrosis (15,16). Consequently, reduction of tumor enhancement as seen on
imaging has been used more accurately as a biomarker of tumor response, as
proposed by the European Association for the Study of Liver Disease (EASL)
(15,17). Post-TACE treatment response is evaluated by MRI 1-3 months after
treatment, too late for intra-procedural treatment modification. Furthermore, the time
frame is not standardized, and can be too long of a wait for patients who need sooner
retreatment. So an imaging modality that can serve as an early surrogate marker of
tumor necrosis, and objectively predict future tumor response at the time of treatment,
would be immensely beneficial, especially because treatment response has been
identified as an independent predictor of survival (3). It has been recently reported
that intra-procedural apparent diffusion coefficient (ADC) changes assessed in a
hybrid magnetic resonance/interventional radiology (MR/IR) suite can predict 1month anatomical HCC response and provide valuable feedback at the time of TACE
(18). However, main drawbacks are the poor worldwide availability of hybrid MR/IR
suites and the need for multiple patient transfers between the x-ray unit and the
adjacent MR unit during the TACE procedure. Recently, C-arm computed
tomography (CT) has emerged as a new and more popular generation of imaging
technology available in the angiography suite, allowing for the acquisition of a threedimensional dataset generated from one rotational run with the use of cone-beam CT
principles (CBCT) (19-23). Early clinical experience has demonstrated C-arm CT
imaging to be a useful adjunct to digital subtraction angiography (DSA) for use in
hepatic vascular intervention procedures (19,22). It can be used notably to visualize
tumor feeding vessels and parenchymal staining during TACE. All current

commercially available CBCT systems necessitate two separate contrast-enhanced
scans. A recent development is the ability to capture these two phases using only one
contrast agent injection, C-arm dual-phase CBCT (DPCBCT) (26,27). To our
knowledge, no study has shown whether DPCBCT technology could be used during
TACE to predict future tumor response.
Therefore, we tested the hypotheses that percent change in tumor enhancement
can be assessed at the time of DEB-TACE using intra-procedural C-arm dual-phase
CBCT technology, and that this percentage can predict conventional MR anatomical
image changes at 1-month post-DEB-TACE. More specifically, our objective was to
prospectively investigate whether intra-procedural C-arm DPCBCT imaging can
predict EASL response of unresectable HCC at 1-month post-DEB-TACE.

MATERIALS AND METHODS

Study Cohort
This single-institution prospective study was compliant with the Health
Insurance Portability and Accountability Act, and was approved by our Institutional
Review Board. All patients provided written informed consent before inclusion in the
study. The study was open for enrollment from March 2, 2009, to April 5, 2010.
During this period, our liver tumor board discussed the care of 47 patients with HCC
who underwent one or more cycles of DEB-TACE. Eligibility criteria for performing
DEB-TACE included a confirmed diagnosis of unresectable HCC by biopsy or typical
radiological findings, in addition to an elevated serum alpha-fetoprotein (> 400
ng/mL), Eastern Cooperative Oncology Group (ECOG) performance status ≤ 2,
Child-Pugh classification A, B or C, focal or multifocal hepatic malignancy, absent or
traces ascites, albumin > 2.5 g/dL, alanine aminotransferase and aspartate
aminotransferase < 5 x upper normal limit, total serum bilirubin < 3.0 mg/dL, serum
creatinine < 2.0 mg/dL, platelet count ≥ 50,000/mm3, international normalized ratio
(INR) ≤ 1.5, a left ventricle ejection fraction of ≥ 50%, absence of complete occlusion
of the portal venous system, and no contraindications to MRI. Our study group
included all patients with HCC who were undergoing DEB-TACE for the first time
and who had undergone dynamic contrast-enhanced MR imaging before and 1 month
after DEB-TACE, and intra-procedural DPCBCT pre- and post-DEB-TACE. Of the
47 patients who underwent treatment, 27 fulfilled these inclusion criteria. Patients
with well-defined and infiltrative tumors were included in the study. However,
patients with small tumors (< 1 cm in diameter) (n = 2) were excluded from our study
because enhancement of these tumors was difficult to assess. Patients who had

undergone TACE previously (n = 16) were also excluded because they may have
partially responded to initial therapy. Lastly, patients with poor DPCBCT image
quality (n = 2) because of severe image artifacts were also excluded.

DEB-TACE Protocol
All DEB-TACE procedures were performed by two experienced interventional
radiologists (J.F.G., N.B.; 13 and 5 years of experience, respectively) using a
consistent approach. LC Beads (2 mL, BioCompatibles Ltd., Surrey, UK) with a
diameter of 100 to 300 µm or 300 to 500 µm were loaded with 100 mg of doxorubicin
hydrochloride (25 mg/mL, Pharmacia-UpJohn, New Jersey, USA) and mixed with an
equal volume of nonionic contrast media (Oxilan 300 mg I/mL, Guerbet LLC,
Bloomington, IN). Access to the common femoral artery was obtained with the
Seldinger technique, and a catheter was positioned as closely to the tumor bed as
possible before infusions of the DEBs. This means that every injection was performed
in a superselective manner preferably through a microcatheter. DEBs (up to 4 mL)
were administered by alternating aliquot injections of the beads and contrast, until
complete delivery or when the blood flow of the feeding artery slowed down
substantially. Complete occlusion of the main feeding artery was avoided to allow for
retreatment if necessary as it has been reported before with conventional TACE
technique (24).

C-Arm Dual-Phase Cone-Beam CT Technique
All patients underwent C-arm DPCBCT scan prior to and immediately
following DEB-TACE therapy. The imaging was performed using a commercially
available angiographic system (Allura Xper FD20, Philips Healthcare, Best, The

Netherlands). This system was equipped with the XperCT option, enabling C-arm
cone-beam CT acquisition and volumetric image reconstruction (Feldkamp back
projection) (25). For each CBCT scan, the area of interest was positioned in the
system isocenter, and over approximately 10 seconds, 312 projection images (30
frames per second) were acquired with the motorized C-arm covering a 200°
clockwise arc at 20° per sec rotation speed. As the images were being acquired, the
projections were transferred via fiber optic to the reconstruction computer to produce
volumetric data.
The dual-phase CBCT prototype feature modified the XperCT option to be
able to acquire of two sequential, back-to-back CBCT scans so both early and delayed
arterial phases are captured using only one contrast injection [26,27]. In this study, the
two scans were triggered at 3 and 28 sec following a selective single injection of
undiluted contrast medium through a 3-French co-axial microcatheter placed into the
vessel expected to feed the targeted tumors. The same contrast injection protocol was
applied to all cases (amount, 20 mL; rate, 2 mL/sec; Oxilan 300 mg I/mL, Guerbet
LLC, Bloomington, IN). The patients were instructed to be at end expiration apnea
during each of the CBCT scans with free breathing between the early and delayed
arterial phase scans. Oxygen was administered to patients during the procedure to
minimize the discomfort of breath holding. One millimeter isotropic images were 3D
reconstructed from the DPCBCT scans.

MR Imaging Technique
All patients underwent baseline and follow-up (approximately 1 month prior
to and 1 month following initial DEB-TACE, respectively) MR imaging using a 1.5-T
MR unit (CV/I, GE Medical Systems, Milwaukee, WI, USA) and a phased-array torso

coil. The imaging protocol included: 1) axial T2-weighted fast spin-echo images
(TR/TE, 5000/100 msec; matrix size, 256 x 256; slice thickness, 8-mm; interslice gap,
2-mm; receiver bandwidth, 32-kHz), 2) axial single-shot breath-hold gradient-echo
diffusion-weighted echo-planar images (TR/TE, 5000-6500/110 msec; matrix size,
128 x 128; slice thickness, 8-mm; interslice gap, 2-mm; b value, 500 sec/mm2;
receiver bandwidth, 64-kHz), and 3) axial breath-hold unenhanced and contrastenhanced (0.1 mmol/kg IV of gadodiamide, Omniscan, General Electric, Princeton,
NJ) T1-weighted 3D fat-suppressed spoiled gradient-echo images (TR/TE, 5.1/1.2
msec; field of view, 320-400 mm2; matrix size, 192 x 160; slice thickness, 4-6-mm;
receiver bandwidth, 64-kHz; flip angle, 15°) in the arterial and portal venous phases
(20 and 60 seconds after intravenous contrast administration, respectively).

Imaging Data Evaluation
The MRI and DPCBCT images were evaluated offline and were interpreted by
consensus of two experienced MR/CT radiologists (R.L., P.R.; 7 and 6 years of
experience, respectively) in the same reading session to ensure careful comparison of
pre-DEB-TACE and sequential post-DEB-TACE MR imaging findings. The two
readers assessed anatomical tumor response on T1-weighted contrast-materialenhanced MRI. In the same way, intra-procedural DPCBCT images pre- and postDEB-TACE were analyzed during a second reading session, 2 weeks later, blinded to
the MRI findings. For each patient, the targeted tumor only was evaluated in case of
unifocal HCC, and the two largest targeted tumors were evaluated in case of
multifocal HCC to ensure independent sampling. A reader (R.L.) used electronic
calipers to record the size of the targeted tumors (one-dimensional measure of the
longest dimension in keeping with the RECIST criteria) (12–14) on the portal venous

phase MR images pre- and post-DEB-TACE. Change in tumor size was calculated
according to the MR images as a % change using the following formula: [(longest
dimension before DEB-TACE – longest dimension after DEB-TACE)/longest
dimension before DEB-TACE] x 100%. The two readers visually assessed the
percentage of tumor image enhancement for the arterial MR- and early arterial
DPCBCT-phases (first phases), and for the portal venous MR- and delayed arterial
DPCBCT-phases (second phases) in consensus. The percentage of enhancement was
based on the percentage of the total area of enhancement seen on the axial image with
the largest tumor size and was recorded in 5% increments ranging from no
enhancement to 100% enhancement. Areas of tumor enhancement were considered as
an indication of viable tumor, as proposed by the European Association for the Study
of the Liver (EASL), and areas that were unenhanced were considered necrotic.
Assessment of EASL score was limited to the two target lesions with respect to the
definition of the EASL guidelines. For each nodule the percentage of tumor
enhancement was assessed separately for DPCBCT and MRI according to EASL
criteria. Relative change in tumor image enhancement was divided into four
categories: 1) complete disappearance of tumor enhancement (100% decrease) after
treatment denoted a complete response (CR); 2) ≥ 50% decrease in area of tumor
enhancement corresponded to a partial response (PR); 3) ≥ 25% increase in area of
tumor enhancement indicated progressive disease (PD); and 4) tumor enhancement
changes that did not fit any of the previous three categories, including 0% decrease in
area of tumor enhancement, were designated as stable disease (SD). An objective
EASL response (OR) included CR and PR alone. For patients with two evaluated
tumors, the lowest EASL response score of the two tumors was used to class EASL
response per patient.

Statistical Analysis
All patient baseline characteristics data were collected and reviewed before
DEB-TACE, including demographics, HCC staging, serum tests, and radiographic
evaluations. One-month alpha-fetoprotein and radiographic evaluations post-DEBTACE were also collected. The primary statistical end points of this study were area
of tumor enhancement in the first and second phases at baseline and 1 month after
therapy. To determine if tumor enhancement as evaluated by DPCBCT changed
immediately after DEB-TACE and whether it predicted anatomical EASL tumor
response at 1-month follow-up as assessed by MRI, post-DEB-TACE change in
lesion enhancement for both imaging modalities were calculated as a difference
between post- and pre-DEB-TACE scores according to the formula: [(% tumor
enhancementpost – % tumor enhancementpre)/% tumor enhancementpre] x 100, where
% tumor enchancementpre was the baseline measurement and % tumor
enhancementpost was the post-DEB-TACE measurement. Tumors with no
enhancement before and after DEB-TACE were excluded from statistical analyses to
avoid misclassifying. Correlations between post-DEB-TACE changes comparing
modalities, performed separately for first and second phases, were assessed using the
coefficient of determination (R2) from regressions of the change in lesion
enhancement for MRI with the change in lesion enhancement for CBCT. To account
for the nesting of multiple lesions within patients, ordinary least square estimation
with Huber-White robust estimates of the variance were used (28). Complete, partial
and objective responses were calculated using MRI data. We used a marginal
generalized linear model with binomial distribution to estimate the effect of postDEB-TACE DPCBCT lesion enhancement on the probability of each type of response

on MRI. The model was estimated using generalized estimating equations with
empirical standard errors (29) and exchangeable working correlation structure to
account for the within patient correlation of multiple lesions. The effect of other
patient- and tumor-related characteristics was additionally explored. Lowess nonparametric smoother method was used to investigate the functional form of
continuous covariates. All statistical analyses were performed using STATA software
(StataCorp LP 2009; Stata Statistical Software: Release 11; College Station, TX,
USA). Significance of statistical tests was assessed at the 0.05 level.

RESULTS

Patient Demographics
Twenty-seven patients with unresectable HCC (15 male; 12 female; mean age,
61.9±10.7 years; range, 30-80 years) were included in this study. All patients
successfully completed both baseline pre- and post-DEB-TACE anatomical DPCBCT
and MRI. Each patient underwent one selective DEB-TACE session. All procedures
were performed successfully, without immediate complications. Table 1 summarizes
the demographic data for this 27-patient cohort. The majority of patients had
multifocal HCC with preserved underlying liver function (Child-Pugh class A
disease). Most patients (55.6%, 15/27) had cirrhosis, and 44.4% were classified as
Barcelona Clinic Liver Cancer (BCLC) grade C (A/B/C/D: 2/10/12/3). Overall, 47
targeted lesions were evaluated (mean, 1.7 per patient; range, 1-2): one in seven
patients and two in twenty patients. The mean size of the targeted tumors at baseline
was 70±48 mm (range, 11-200 mm).

One-Month MRI EASL Tumor Response Post-DEB-TACE
The 1-month follow-up anatomical contrast -enhanced T1W MR
imagesdemonstrated an objective EASL response (CR or PR) in 63% and 70.4% of
patients, and 74.5% and 76.6% of tumors in the first and second phases, respectively.
The frequency of types of response by modality and phase, per patient and tumor are
detailed in Table 2.

Intra-Procedural C-Arm Dual-Phase Cone-Beam CT Tumor Enhancement
Changes and Prediction of Tumor Response After DEB-TACE

Results of paired T-test comparing change in tumor enhancement post-DEBTACE by modality and by phase are presented in Table 3. The results are consistent
with statistically significant decrease in tumor enhancement post-DEB-TACE for both
modalities and both phases (P < 0.0001). CBCT tumor enhancement decrease postDEB-TACE linearly correlated with MRI, estimated correlation coefficient was
excellent for both first (0.79, P < 0.0001) (Fig. 1A) and second (0.67, P < 0.0001)
(Fig. 1B) phases. Looking at the tumor size, the results of the T-test showed
statistically significant decrease in the longest dimension of lesion after DEB-TACE
(P < 0.0001). There was no statistically significant decrease in AFP over time (P =
0.121).
Table 4 presents the results of marginal generalized linear model estimating
the odds or probability of objective response as a function of post-DEB-TACE CBCT
tumor enhancement, pre-DEB-TACE AFP level, and pre-DEB-TACE tumor size
looking at the largest diameter. In the bivariate analyses (i.e. simple logistic
regression), post-DEB-TACE CBCT tumor enhancement was negatively associated
with the odds of objective response in first and second phases. In the first phase, per 1
unit increment of post-DEB-TACE CBCT tumor enhancement, the odds of objective
response decreased by an estimated 5% (95% Confidence Interval, CI: from 1 to 9%,
P = 0.027). The estimate did not change after adjustment for pre-DEB-TACE AFP
and tumor size. In the second phase, for 1 unit increment in post-DEB-TACE CBCT
tumor enhancement, the odds of objective response decreased by an estimated 4%
(95% CI: from 0 to 7%, P = 0.034). In multivariate analyses (i.e. the multiple logistic
regression), the estimate did not change substantially. The results indicated that postDEB-TACE CBCT tumor enhancement has independent, negative effect on the odds
of objective response after accounting for pre-DEB-TACE AFP and tumor size. We

estimated that for lesions of the same size and same level of pre-DEB-TACE AFP, for
each 1 unit increment in post-DEB-TACE CBCT tumor enhancement, the odds of
objective response decreased by an estimated 5% (95% CI: from 1 to 9%, P = 0.023)
and 4% (95% CI: from 1 to 7%, P = 0.035), in the first and second phases,
respectively.
Additionally, we showed a negative, statistically significant, independent
effect of pre-DEB-TACE AFP level on odds of objective response. For lesions of the
same size and same post-DEB-TACE CBCT enhancement level in the second phase,
the odds of objective response decreased by an estimated 0.3% (95% CI: from 0.1 to
0.4%, P = 0.003), in multivariate analysis. In these data, pre-DEB-TACE tumor size
did not affect the odds of objective response after accounting for the pre-DEB-TACE
AFP level and post-DEB-TACE CBCT tumor enhancement (P = 0.810 and 0.359 for
first and second phase, respectively). Due to the small numbers of patients achieving
SD or PD, we do not present the effect of post-DEB-TACE CBCT tumor
enhancement on 1-month EASL MR response for these categories. Figures 2 and 3
are composed of representative DPCBCT images from single patients showing HCC
enhancement changes during DEB-TACE and corresponding EASL tumor response
on MRI 1 month later.

DISCUSSION

This study investigated the usefulness of intra-procedural post-DEB-TACE
dual-phase CBCT imaging for the prediction of 1-month objective EASL HCC tumor
response . Our results show good sensitivity to the ability of the intra-procedural
DPCBCT imaging study to monitor and quantify HCC enhancement changes during
DEB-TACE. There was overall excellent accuracy of the intra-procedural immediate
post-therapy DPCBCT imaging scan in predicting future response to therapy.

Early determination of therapeutic response may be helpful to guide patient
management decisions after chemoembolization, especially regarding the need for
repeat treatment. Recently, vascular and cellular biomarkers including contrast
enhancement and ADC values from diffusion-weighted MR imaging (DWI) have
been shown to change within hours to days after therapy, which is earlier than
changes seen by conventional HCC anatomical size assessment (30–35).
Nevertheless, the optimum time after TACE for patients to undergo imaging is
unknown. Some authors have suggested that contrast-enhanced ultrasonography
(CEUS) performed ≥ 2 days after TACE could be predictive of tumor outcome (36),
whereas others showed that CEUS results 1 week after TACE were consistent with
those of dynamic CT performed 2 months after intervention (37). Several previous
clinical studies have shown the ability of DWI to map water distribution within HCC
tumors and to quantify tumor necrosis after transcatheter liver-directed therapy
(34,38,39). Chung et al. (18) have even recently reported for the first time that intraprocedural ADC changes assessed in a hybrid MR/IR suite can predict 1-month
anatomical HCC response and provide valuable feedback at the time of TACE. They

found that patients whose intra-procedural ADC values increase or decrease by > 15%
are more likely to have a favorable anatomical tumor response 1 month later. None of
the aforementioned studies, however, were able to address the question of whether
tumor enhancement changes at the time of chemoembolization could be used to
predict future EASL response. Now, even if some authors suggest that very early
assessment may not be appropriate in the case of TACE with LC Beads because the
degree of necrosis could be underestimated (5,40), we think the emphasis should be
on monitoring immediate changes in tumor enhancement since the ADC value
changes and the availability of hybrid MR/IR suites may be limited. We were able to
address this gap in knowledge through the use of an integrated CBCT/IR suite. Such a
suite allowed us to image patients with dual-phase CBCT imaging immediately before
and after DEB-TACE, allowing for tumor imaging at both early and delayed arterial
phases using only one contrast injection, and without the need for multiple patient
transfers as reported between the DSA unit and the adjacent MR unit during the
TACE procedure with hybrid MR/IR suites (18). Using this setup, we were able to
show that DPCBCT imaging could be used intra-procedurally to predict a future
anatomical objective response 1 month after DEB-TACE. A positive result would
likely suggest adequate HCC treatment; however, a negative result would not be
useful feedback and could not be interpreted as insufficient treatment.
Contrast enhancement is a reflection of cellular viability (30–32): areas of
tumor enhancement are considered viable, whereas unenhanced regions reflect tissue
necrosis, as suggested by the European Association for the Study of Liver Disease. To
accurately assess tumor enhancement, we used C-arm CT that has emerged as a
worldwide popular generation of imaging technology available in the angiography
suite, allowing for the acquisition of a three-dimensional dataset generated from one

rotational run with the use of cone-beam CT principles (CBCT) (19-23). Compared
with conventional DSA, CBCT imaging can provide additional useful information for
patients undergoing TACE (19–23). Similarly, early and on-going clinical experience
has demonstrated that CBCT using dual-phase imaging can provide better information
than DSA for TACE and, occasionally, conventional CT or MRI in terms of
detectability of liver tumors (26,27). Furthermore, dual-phase CBCT has a benefit
over CE-MRI in that CBCT imaging can be done during the TACE procedure with
minimal additional effort than x-ray DSA and fluoroscopy. This can provide liveimage feedback not only on the DEB-TACE delivery catheter positioning and drug
delivery amount, but also on embolization success, as shown in our study.
This study had several limitations. First, the sample was small, with possible
selection bias since we included only 27 of 47 patients whose care was discussed by
our liver tumor board during the enrollment period. Second, histopathologic data were
not obtained for any of the patients in the study. Therefore, tumor cell death was
measured only with MRI. Previous reports (30–32), however, have shown good
correlation between the histopathologic percentage of necrosis and the tumor
enhancement obtained with MRI. Third, monitoring therapeutic effect with CBCT
would increase radiation and iodine contrast load for the patient, in comparison with
MRI. However, the x-ray effective dose from CBCT imaging is significantly less than
a typical abdomen scan using diagnostic multi-detector CT, even when four CBCT
scans (2 dual-phase acquisitions: one pre- and one post-embolization) are performed
(26,41). Furthermore, the use of dual-phase technology reduces the use of iodinated
contrast medium by 50% for the CBCT component of the interventional procedure
while allowing for visualization of changes in temporal enhancement before and after
drug-eluting beads treatment. Finally, we do not have long-term evaluation of patient

outcomes and cannot yet state that patients with tumor response have different,
presumably better, outcomes than patients who do not have tumor response. The
results of this study need to be validated by future studies with larger cohorts and
longer follow-up time to determine if intra-procedural DPCBCT tumor enhancement
changes reliably predict patient prognosis or affect outcome.

In conclusion, our study showed that intra-procedural DPCBCT tumor
enhancement changes could serve as a useful prognostic indicator of HCC response to
DEB-TACE. These preliminary results are encouraging because early knowledge of
HCC response after initial therapy is essential to revise prognosis and guide future
therapy. Use of DPCBCT at the time of DEB-TACE could improve treatment
planning.
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TABLES
TABLE 1.
Baseline characteristics of patients with hepatocellular carcinoma prior to
treatment.
Baseline Characteristics
Demographics
No. patients/No. tumors evaluated
Age (Year)
Sex (Male/Female)
Race (White/African-American/Hispanic/Other)
Etiology (Alcohol/HCV/HBV/NASH/Cryptogenic)
ECOG performance status (0/1/2/3/4)
Cirrhosis (Present/Absent)
Type (Unifocal/Multifocal/Diffuse)
Portal vein thrombosis (Yes/No)
Tumor size* (mm)
HCC staging
Child-Pugh class (A/B/C)
BCLC stage (A/B/C/D)
Okuda stage (I/II/III)
CLIP score (1/2/3/4/5)
Serum tests
Basal AFP (ng/mL)
<10
10-200
>200
Albumin (g/dL)
Total bilirubin (mg/dL)
AST (U/L)
ALT (U/L)
Alkaline phosphatase (U/L)
INR

Value (n or mean ± SD)
27/47
61.9 ± 10.7
15/12
12/7/2/6
2/12/2/2/9
15/10/2/0/0
15/12
6/12/9
8/19
70 ± 48
19/6/2
2/10/12/3
11/15/1
8/11/5/2/1
38 209 ± 176 640
9
8
10
3.6 ± 0.8
1.8 ± 3.4
129.6 ± 78.6
103.8 ± 83.5
244.8 ± 260.7
1.2 ± 0.7

Note.–HCV, Hepatitis C Virus; HBV, Hepatitis B Virus; NASH, Non-Alcoholic
Steato-Hepatitis; ECOG, Eastern Cooperative Oncology Group; HCC, Hepatocellular
Carcinoma; BCLC, Barcelona Clinic Liver Cancer; CLIP, Cancer of the Liver Italian
Program; AFP, Alpha-Feto-Protein; AST, Aspartate Aminotransferase; ALT, Alanine
Aminotransferase; INR, International Normalized Ratio. * One-dimensional measure
of the longest dimension as measured by MRI.

TABLE 2.
Frequency of different types of EASL response by modality and by phase, per
patient and per tumor.
Response
CR
PR
SD
PD
OR

MRI
First phase
Second phase
P
T
P
T
1
3
4 (14.8)
13
(3.7)
(6.4)
(27.7)
16 (59.3)
32
15
23
(68.1)
(55.6)
(48.9)
9
11
6 (22 .2)
8
(33.3)
(23.4)
(17)
1
1
2
3
(3.7)
(2.1)
(7.4)
(6.4)
17
35
19
36
(63)
(74.5)
(70.4)
(76.6)

CBCT
First phase
Second phase
P
T
P
T
3 (11.1) 7 (14.9) 3 (11.1)
10
(21.3)
18
30
11
17
(66.7)
(63.8)
(40.7)
(36.2)
6 (22.2)
10
10
17
(21.3)
(37)
(36.2)
0
0
3 (11.1)
3
(0)
(0)
(6.4)
21
37
14
27
(78.8)
(78.7)
(51.8)
(57.5)

Note.–Data are n (%). EASL, European Association for the Study of Liver Disease;
MRI, Magnetic Resonance Imaging; CBCT, Cone-Beam Computed Tomography; P,
Patients (n = 27); T, Tumors (n = 47); CR, Complete Response; PR, Partial Response;
SD, Stable Disease; PD, Progressive Disease; OR, Objective Response (CR + PR).

TABLE 3.
Changes in tumor size, tumor enhancement by modality and by phase, and AFP
value after DEB-TACE (n = 27).
Features
Tumor size* (mm)
Tumor enhancement (%)
MRI
First phase
Second phase
CBCT
First phase
Second phase
AFP (ng/mL)

Before
DEB-TACE
70 ± 48

After
DEB-TACE
66 ± 46

Change
(%)
6

P
Value
<0.0001

56 ± 30
26 ± 25

22 ± 22
11 ± 17

61
58

<0.0001
<0.0001

54±27
30 ± 27
38209 ± 176640

20 ± 19
15 ± 23
11214 ± 43947

63
50
71

<0.0001
<0.0001
0.121

Note.–Data are means ± SD or %. P < .05 was considered statistically significant.
DEB-TACE, Drug-Eluting Bead Transcatheter Arterial Chemoembolization; MRI,
Magnetic Resonance Imaging; CBCT, Cone-Beam Computed Tomography; AFP,
Alpha-Feto-Protein. * One-dimensional measure of the longest dimension as
measured by MRI.

TABLE 4.
Results of GEE logistic regression models predicting the probability of 1-month
MRI objective (complete or partial) EASL response as a function of covariates.
Variables
First Phase
Post-DEB-TACE
CBCT TE*
Pre-DEB-TACE
AFP†
Pre-DEB-TACE
size‡ (mm)
Second Phase
Post-DEB-TACE
CBCT TE*
Pre-DEB-TACE
AFP†
Pre-DEB-TACE
size‡ (mm)

Simple Logistic Regression
OR
95%CI
P Value

Multiple Logistic Regression
OR
95%CI
P Value

0.950

0.910-0.990

0.027

0.950

0.910-0.990

0.023

1.010

0.900-1.140

0.839

1.004

0.997-1.011

0.264

0.999

0.984-1.015

0.946

0.998

0.986-1.010

0.810

0.960

0.930-1.000

0.034

0.960

0.930-0.990

0.035

0.998

0.997-0.999

0.005

0.997

0.996-0.999

0.003

0.990

0.980-1.000

0.075

0.990

0.980-1.010

0.359

Note.–P < 0.05 was considered statistically significant. EASL, European Association
for the Study of Liver Disease; MRI, Magnetic Resonance Imaging; OR, Odds Ratio;
CI, Confidence Interval; DEB-TACE, Drug-Eluting Bead Transcatheter Arterial
Chemoembolization; CBCT, Cone-Beam Computed Tomography; TE, Tumor
Enhancement; AFP, Alpha-Feto-Protein. * For every increment; † per 1000 units;
‡ One-dimensional measure of the longest dimension as measured by MRI.

FIGURE CAPTIONS

Figure 1: A–B, Scatter-plot graphs show correlation of tumor enhancement changes
in first (early arterial or arterial) and second (delayed arterial or portal venous) phase
post-DEB-TACE measured with CBCT and MRI. CBCT tumor enhancement
decrease post-DEB-TACE linearly correlated with MRI, estimated correlation
coefficient was excellent for both first (0.79, P < 0.0001) and second (0.67, P <
0.0001) phases.

Figure 2: A–D, Representative T1-weighted enhanced arterial or first and portal
venous or second phase MR images (left), and enhanced early or first and delayed or
second arterial phase CBCT images (right) from a 73-year-old man with right-lobe
cryptogenic HCC. MR images were acquired approximately 1 month before and after
DEB-TACE therapy, whereas dual-phase CBCT images were acquired prior to and
immediately following DEB-TACE. A, First phase baseline pre-DEB-TACE images.
Left: A 75-mm mass in right lobe shows 65% enhancement. Right: Mass shows
almost similar enhancement (75%). B, Second phase baseline pre-DEB-TACE
images. Left: Mass shows 60% enhancement. Right: Mass shows almost similar
enhancement (70%). C, First phase post-DEB-TACE images. Left: Mass shows
almost no enhancement (5%), tumor changed to 69-mm in size. Right: Intraprocedural mass enhancement changed by 86.7%, which predicted an objective EASL
response at 1 month. D, Second phase post-DEB-TACE images. Left: Mass shows no
enhancement (0%). Right: Intra-procedural mass enhancement changed by 92.9%,
which predicted an objective EASL response at 1 month.

Figure 3: A–D, Representative enhanced first and second phase MR (left) and CBCT
(right) images from a 58-year-old man with right-lobe HCC secondary to hepatitis
Cvirus . MR images were acquired approximately 1 month before and after DEBTACE therapy, while dual-phase CBCT images were acquired prior to and
immediately following DEB-TACE. A, First phase baseline pre-DEB-TACE images.
Left: A 32-mm mass in right lobe shows 75% enhancement (arrows). Right: Mass
shows almost similar enhancement (80%) (arrows). B, Second phase baseline preDEB-TACE images. Left: Mass shows partial wash-out (50% enhancement) (arrows).
Right: Mass shows almost same enhancement reduction (65%) (arrows). C, First
phase post-DEB-TACE images. Left: Mass shows almost no enhancement (5%),
tumor remains unchanged in size (31-mm) (arrows). Right: Intra-procedural mass
enhancement (arrows)changed by 100%, which predicted an objective EASL
response at 1 month. D, Second phase post-DEB-TACE images. Left: Mass shows
almost no enhancement (5%) (arrows). Right: Intra-procedural mass enhancement
(arrows) changed by 92.3%, which predicted an objective EASL response at 1 month.
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