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A B S T R A C T

Background: For patients with hepatocellular carcinoma (HCC) not complications. Stratified analyses by tumor size also showed no

eligible for surgical resection, radiofrequency ablation (RFA) is a
promising technique that reduces the risk of disease progression.
Objectives: To evaluate whether the trend of image guidance for
RFA is moving toward the more expensive computed tomography
(CT) technology and to determine the clinical benefits of CT guid-
ance over the ultrasound (US) guidance. Methods: A cohort of 463
patients was identified from the Surveillance, Epidemiology, and
End Results and Medicareelinked database. The temporal trends in
use of image guidance were assessed using the CochraneeArmitage
test. The associations between modality of image guidance and
survival, complications, and costs were assessed using the Cox
regression model, the logistic regression model, and the generalized
linear model, respectively. Results: The use of CT-guided RFA
increased sharply, from 20.7% in 2002 to 75.9% in 2011. Compared
with CT-guided RFA, those who received US-guided RFA had com-
parable risk of periprocedural and delayed postprocedural
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statistically significant difference. In adjusted survival analysis, no
statistically significant difference was observed in overall and
cancer-specific survival. Nevertheless, the cost of CT-guided RFA
($2847) was higher than that of US-guided RFA ($1862). Conclusions:
Despite its rapid adoption over time, CT-guided RFA incurred higher
procedural costs than US-guided RFA but did not significantly
improve postprocedural complications and survival. Echoing the
American Board of Internal Medicine’s Choosing Wisely campaign
and the American Society of Clinical Oncology’s Value of Cancer
Care initiative, findings from our study call for critical evaluation of
whether CT-guided RFA provides high-value care for patients with
HCC.
Keywords: costs, effectiveness, HCC, imaging, RFA
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Introduction

The incidence of hepatocellular carcinoma (HCC) in the United
States has increased sharply over the past 2 decades, rising from
3.1 per 100 000 persons in 1992 to 6.7 per 100 000 in 2012, with 31
665 new cases in 2018.1e4 Among these new cases, 47.6% patients
were aged 65 years or older.5 Although not considered one of the
leading cancers in the United States, HCC is among one of the
most deadly cancers. The mortality rate of HCC has been rising at
a rate of 2.7% per year, whereas the mortality rates of other can-
cers, such as lung, breast, colorectal, and prostate cancer, have
reduced during the same period.3 The total annual cost of HCC
was estimated to be $455 million in the United States in 2009.6

With steady increase in the incidence of HCC, the economic
burden of HCC is expected to grow in the coming decades.

For patients with early-stage resectable HCC, surgical hepatic
resection is the recommended treatment. Nevertheless, approxi-
mately 80% to 90% of patients with HCC were diagnosed at a stage
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at which it is too late to benefit from the potentially curative
surgical resection.7 For those patients, radiofrequency ablation
(RFA) offers an alternative treatment option to reduce the risk of
the progression. RFA is a local thermal ablative treatment tech-
nique that uses high-frequency alternating current to raise the
temperature of a tumor, causing tissue desiccation and coagu-
lative necrosis.8 Several studies have demonstrated the effec-
tiveness of image guidance of RFA in clinical practice and support
its use as first-line treatment of unresectable small HCCs.9e11

There are 3 types of RFA: percutaneous, laparoscopic, and open
surgery. The type of RFA received by patients depends on the
tumor location, the goal of the treatment, the risk of surgery, and
the preference of the surgeon.12e14 Percutaneous RFA is the least
invasive and relies heavily on image guidance during the opera-
tion. The ultrasound (US) technique has been used as the guidance
technique in evaluating tumor contours and delineating tumor
edges for percutaneous RFA treatment. More recently, interven-
tional radiologists have started using computed tomography (CT)
guidance to perform RFA.

Although CT-guided RFA has been shown to be a safe and
efficacious treatment for patients with unresectable HCC,15,16 no
comparative effectiveness studies to date have demonstrated CT-
guided RFA to be superior to US-guided RFA in the United States. If
CT- and US-guided RFAs offer similar clinical benefits, then there
will be a fast diffusion of the CT-guided RFA because the proced-
ure is nearly twice as expensive as the US-guided procedure. At
the quest of promoting high-quality, high-value care, it is impor-
tant to better understand the comparative effectiveness and costs
associated with CT- versus US-guided RFAs as the incidence of
HCC continues to rise and therefore the number of image-guided
RFAs. The objective of our study was to fill this knowledge gap by
examining the utilization pattern of these image-guided proced-
ures among patients with HCCwith percutaneous RFA, estimating
the associated costs, and comparing overall survival (OS), cancer-
specific survival (CSS), and postprocedural complications between
CT- and US-guided RFAs. Findings from this study will contribute
to the value discussions advocated by the American Board of In-
ternal Medicine’s Choosing Wisely campaign and the American
Society of Clinical Oncology’s Value of Cancer Care Task Force.
Methods

Database and Patient Selection Criteria

We used the Surveillance, Epidemiology, and End Results (SEER)
database linked with Medicare claims.17 The SEER registries,
supported by the National Cancer Institute, consist of 18
geographic areas covering approximately 30% of the US popula-
tion. The Medicare program contains healthcare claims and pay-
ments for inpatient, outpatient, and physician services for 97% of
US citizens aged 65 years or older. Protected health information
has been de-identified in these data sets, and no information
could be linked to individual patients.

Patients in the database were included in our study if they
were at least 66 years old and diagnosed with HCC (International
Classification of Diseases for Oncology, 3rd edition [ICD-O-3] histology
codes: 8170, 8171, 8173, 8174, and 8175) between January 2002 and
December 2011. The exclusion criteria were as follows: (1) a cancer
diagnosis that was not pathologically confirmed or was based on a
death certificate or autopsy; (2) cancer classified as late-stage
(tumors had spread to regional lymph nodes); (3) no continuous
Part A and Part B insurance coverage 12 months before cancer
diagnosis through 12 months after delivery of RFA or until death,
whichever occurred first; and (4) healthmaintenance organization
enrollment during the same period, because medical claims for
these patients were incomplete (see Appendix Table 1 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
018.10.004).

Patient Characteristics

Patient sociodemographic information, including age at cancer
diagnosis, year of cancer diagnosis, race/ethnicity, marital status,
and US census region, was extracted from the SEER database.
Because some racial groups had a value less than 11 in subgroup
analysis, as per the Data Use Agreement of SEEReMedicare, we
suppressed the race variable for 2 categories (non-Hispanic white
and all others) to protect the patient’s identity. Marital status was
classified as single, married, or other. The 4 census regions were
West, Northeast, Midwest, and South.

The clinical variables included tumor size, comorbidity, and
use of chemotherapy. According to the “principle of locoregional
therapy” in the National Comprehensive Cancer Network Clinical
Practice Guidelines in OncologydHepatobiliary Cancers and in
consultation with the clinical collaborator, tumor size was clas-
sified into 4 categories on the basis of the largest dimension of the
liver tumor: less than 3 cm, 3 to 5 cm, more than 5 cm, and un-
known.18 To calculate the comorbidity before cancer diagnosis,
the Klabunde-adapted version of the Charlson comorbidity index
was used.19,20 This algorithm generated a continuous score for
each patient; we categorized patients into 3 groups by their co-
morbidity score: 0, 1, and 2 or more. Information on the use of
chemotherapy from 6 months before RFA through 9 months after
RFA was extracted from the Medicare claims using both ICD (Ninth
Revision) procedure codes and level II Healthcare Common Pro-
cedure Coding System: Current Procedural Terminology (CPT)
codes. By using a previously validated algorithm,21,22 we also
constructed a claims-based indicator of poor performance status.
Patients were classified into 2 groups: restricted (if canes, wheel-
chairs, commodes, home oxygen, and related hospital beds were
claimed) and normal (if no indicator of poor performance status
exists).

Identification of Image Guidance

Receipt of image guidance of RFA was determined using Medicare
claims data for the 30 days before to the 30 days after the date of
percutaneous RFA delivery (Healthcare Common Procedure Cod-
ing System 47382). Two image guidance techniques identified
using CPT codes were US (codes 76490 and 76940) and CT (codes
76362 and 77013). If a patient underwent both types of image
guidance during the study period, the patient was assigned to the
CT-guided RFA because although these patients may benefit from
the advanced CT technology clinically, they also incur higher
costs.

Cost Analysis

The procedure costs of CT- and US-guided RFA were estimated
using the CPT codeebased Medicare reimbursement rates for the
image guidance and RFA delivery. We also estimated the health-
care costs associated with postprocedural complications using all
inpatient, outpatient, and carrier claims within 1 year after the
date of treatment. The costs of postprocedural complication were
determined by adding up all costs occurring on days when a
diagnosis indicating postprocedural complication occurred. The
bootstrap simulation with 500 replications was used to estimate
the mean of costs, SD, and the 95% confidence interval (CI). All
reported costs were adjusted and normalized to 2017 US dollars
using the medical care component of the Consumer Price Index.23

Postprocedural Complications

As per previous studies, 1-year postprocedural complications for
patients with HCC included ascites, pulmonary complications,
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Table 1 – Patients demographic and clinical characteristics.

Characteristic Study sample Propensity scoreematched sample

Total US-guided CT-guided P value Total US-guided CT-guided P value

n % n % n % n %

Year <.001 .912

2002-2003 64 45 70.3 19 29.7 35 20 57.1 15 42.9

2004-2005 86 35 40.7 51 59.3 49 24 49.0 25 51.0

2006-2007 95 36 37.9 59 62.1 64 30 46.9 34 53.1

2008-2009 109 29 26.6 80 73.4 54 27 50.0 27 50.0

2010-2011 109 26 23.9 83 76.2 52 26 50.0 26 50.0

Age group .009 .325

66-69 122 49 40.2 73 59.8 62 35 56.5 27 43.6

70-74 148 66 44.6 82 55.4 83 43 51.8 40 48.2

>75 193 56 29.02 137 70.9 109 49 45.0 60 55.1

Sex .797

Male 284 105 37.0 179 63.0 .983 154 76 49.4 78 50.7

Female 179 66 36.9 113 63.1 100 51 51.0 49 49.0

Race/ethnicity .842 .799

Non-Hispanic white 268 100 37.3 168 62.7 104 53 51.0 51 49.0

Nonwhite 195 71 36.4 124 63.6 150 74 49.3 76 50.7

Marital status .847 .793

Single 82 29 35.4 53 64.6 45 22 48.9 23 51.1

Married 290 110 37.9 180 62.1 151 78 51.7 73 48.3

Other 91 32 35.2 59 64.8 58 27 46.6 31 53.5

Geographic region .292 .883

West 262 94 35.9 168 64.1 136 71 52.2 65 47.8

Northeast 109 46 42.2 63 57.8 69 32 46.4 37 53.6

Midwest 27 12 44.4 15 55.6 16 e* e e e

South 65 19 29.2 46 70.8 33 e e e e

Tumor size <.001 .919

<3 cm 145 57 39.3 88 60.7 84 43 51.2 41 48.8

3-5 cm 111 57 51.4 54 48.7 69 32 46.4 37 53.6

>5 cm 60 19 31.7 41 68.3 35 18 51.4 17 48.6

Unknown 147 38 25.9 109 74.2 66 34 51.5 32 48.5

Charlson comorbidity score .145 .907

0 119 52 43.7 67 56.3 75 39 52.0 36 48.0

1 135 43 31.9 92 68.2 60 30 50.0 30 50.0

>2 209 76 36.4 133 63.6 119 58 48.7 61 51.3

Chemotherapy .269 .896

No 302 118 38.9 185 61.1 163 81 49.7 82 50.3

Yes 161 53 33.1 107 66.9 91 46 50.6 45 49.5

Performance status .939 .765

Normal 361 133 36.8 228 63.2 196 99 50.5 97 49.5

Restricted 102 38 37.3 64 62.8 58 28 48.3 30 51.7

CT indicates computed tomography; SEER, Surveillance, Epidemiology, and End Results; US, ultrasound.
* These numbers had to be suppressed because the Data Use Agreement with the National Cancer Institute on the SEEReMedicare data does not

allow the reporting of any values <11 anywhere in the article.
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abdominal bleeding, abdominal infections, hepatic vascular
damage, and biliary tract damage.24e26 To obtain more informa-
tion on the timing of complication occurrence, complications
were classified into 2 periods: periprocedural (occurring within 30
days after RFA) and delayed (occurring more than 30 days after
RFA through the end of the first year after the procedure).12 The
delayed complications could also include the persisted/recurred
periprocedural complications that occurred after the initial 30
days after ablation. Periprocedural and delayed complications
were identified using ICD-9 diagnosis codes (see Appendix Table 2
in Supplemental Materials found at https://doi.org/10.1016/j.jval.2
018.10.004) and analyzed separately.
OS and CSS

The survival duration was estimated from the date of HCC diag-
nosis to death owing to HCC or other causes. CSS was determined
using the SEER site recode cause-of-death variable. The liver site
(ICD-O-3 site C220) was coded as 21071 in the SEER data set.

Statistical Analysis

We compared the use ofmodality of image-guided RFA in patients
with HCC stratified by the patients’ demographic and clinical
variables with Pearson c2 tests, and tested temporal trends in the
use ofmodality of image-guided RFA using the CochraneArmitage
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Fig. 1 – Temporal trends in image guidance utilization
(2002-2011). The solid line represents the use of CT-guided
RFA, and the dotted line represents the use of US-guided
RFA from the year 2002 to 2011. CT indicates computed
tomography; RFA, radiofrequency ablation; US, ultrasound.
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trend test. Multivariable generalized linear regression was used to
identify the predictors of use of CT- versus US-guided RFA. The
Cox proportional hazards model was used to assess the relation-
ship between the uses of differentmodalities of image-guided RFA
and OS as well as CSS. Schoenfeld residuals were plotted to test
the proportional hazard assumption in the Cox model. Kaplan-
Meier estimates were conducted to illustrate the rates of OS and
CSS, with log-rank tests to examine the homogeneity of survival
curves over 2 groups. To determine the effects of image guidance
on postprocedural complications, we used the Pearson c2 test to
evaluate the differences in frequency of periprocedural and
delayed complications stratified according to use of US- and CT-
guided RFA. We further conducted a subsidiary analysis by strat-
ifying the study cohort into 4 subgroups according to the tumor
size. Multivariable logistic regression models were used to deter-
mine adjusted odds ratio for use of modality of image-guided RFA.
The variables in the univariate analysis that had a P value of less
than .200 or were clinically meaningful were included in the final
models. We assessed the goodness of fit using the Hosmer and
Lemeshow test. In the cost analysis, we used the Mann-Whitney
test to estimate the differences in the procedural costs of US-
and CT-guided RFA. To control for imbalance in confounding
variables, we conducted 1:1 propensity score matching between
US- and CT-guided RFA patients with the following matching
factors: year of cancer diagnosis, age group, race, marital status,
census region, tumor size, Charlson comorbidity score, use of
chemotherapy, and performance status.27,28

All statistical analyses were conducted using the SAS software
program, version 9.4 (SAS Institute, Cary, NC). The criterion for
statistical significance was a P value of less than .050. Our study
was exempted by the University of Texas MD Anderson Cancer
Center Institutional Review Board. All authors had access to the
study data and reviewed and approved the final manuscript.
Results

Patient Characteristics

For our study, we identified a total of 463 patients with HCC who
were at least 66 years old. Their demographic and clinical char-
acteristics stratified by the use of US- and CT-guided RFA are
presented in Table 1. The use of CT-guided RFA was significantly
more likely in patients who received RFA in later years, who were
at an older age, were nonwhite, and had a large tumor size.

Trends in Image Guidance and Costs

Temporal trends in the use of image guidance of RFA are shown in
Figure 1. We observed a significant increase in the use of CT-
guided RFA over the study period, going from 20.7% in 2002 to
75.9% in 2011, whereas the use of US-guided RFA decreased from
79.3% to 24.1% (both Ptrend < .0001). Appendix Table 3 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
018.10.004 lists covariates associated with receipt of CT-guided
RFA in our multivariable generalized linear regression model.
After controlling for patients’ demographic characteristics and
clinical variables, the year of HCC diagnosis is the single most
significant predictor associated with increased relative risk of
receipt of CT-guided RFA (relative risk > 2.6; P<.050 for all years
after 2003 in reduced model). In our cost analysis, the estimated
procedure costs were $2847 for CT-guided RFA and $1862 for US-
guided RFA (Table 3).

OS and CSS

Among 345 (74.5%) patients who died within the study period,
215 patients (62.3%) died of liver cancer. In comparison, 85
patients (49.7%) who received US-guided RFA and 130 patients
(44.5%) who received CT-guided RFA have died of liver cancer
(P¼.290). The median OS and CSS durations were equivalent
between patients who received CT-guided RFA and those who
received US-guided RFA (OS: 28 months [95% CI 25-31 months]
for CT-guided RFA and 27 months [95% CI 24-32 months] for US-
guided RFA [P¼.180]; CSS: 43 months [95% CI 36-57 months] for
CT-guided RFA and 44 months [95% CI 32-60 months] for US-
guided RFA [P¼.930]) (Fig. 2). In covariates-adjusted Cox hazard
regression model with US-guided RFA as the reference, the
hazard ratio of OS was 1.22 (95% CI 0.96-1.56; P¼.120) for pa-
tients with CT-guided RFA and the hazard ratio of CSS was 1.11
(95% CI 0.81-1.51; P¼.520) for those with CT-guided RFA (Table 2).
In the propensity score matching analysis, there were no sta-
tistically significant differences between CT- and US-guided RFA
on both OS and CSS (P>.400).
Periprocedural Complications and Costs

In our univariate analysis of associations between use of image
guidance and periprocedural and delayed complications (see
Appendix Figure 1 in Supplemental Materials found at https://doi.
org/10.1016/j.jval.2018.10.004), the risk of periprocedural biliary
tract damage in patients who received US-guided RFA was 2.3%
higher than in those who received CT-guided RFA (P¼.020).
Nevertheless, except periprocedural biliary tract damage, there
was no statistically significant reduction on risk of the other 5
measures of periprocedural complications (ascites, pulmonary
complications, abdominal bleeding, abdominal infections, and
hepatic vascular damage), and there was also no reduction on risk
found for all 6 measures of delayed complications. This finding on
the similar risk of periprocedural and delayed complications be-
tween US- and CT-guided RFA was consistent in our subsidiary
analysis where the cohorts were stratified on the basis of the
tumor size (see Appendix Figure 1 in Supplemental Materials).
These findings were also supported by the propensity score
matching analysis (see Appendix Figure 2 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2018.10.004). In
our multivariable logistic regression models controlling for pa-
tients’ demographic and clinical covariates, patients who received
CT-guided RFA had insignificant difference in the risk of peri-
procedural complications and delayed complications than did
patients who received US-guided RFA (Fig. 3). The costs of peri-
procedural complications are similar for patients who underwent
US- and CT-guided RFA: $16 134 (95% CI $12 316-$19 953) versus
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Table 2 – Hazard ratios of image-guided RFA in patients with HCC.

Characteristic OS CSS

HR 95% CI P value HR 95% CI P value

Image guidance

US-guided 1.00 1.00

CT-guided 1.22 0.95 1.56 .115 1.11 0.81 1.51 .520

Year

2002 1.00 1.00

2003 1.04 0.58 1.88 .892 0.81 0.42 1.53 .510

2004 1.68 0.97 2.92 .065 1.44 0.80 2.60 .221

2005 1.16 0.64 2.10 .618 1.19 0.64 2.23 .588

2006 1.10 0.61 1.97 .751 0.71 0.36 1.38 .311

2007 0.80 0.45 1.42 .448 0.52 0.28 0.99 .047

2008 0.94 0.53 1.64 .819 0.50 0.26 0.97 .041

2009 1.19 0.67 2.11 .558 0.69 0.35 1.37 .289

2010 0.64 0.34 1.20 .163 0.28 0.13 0.59 .001

2011 0.64 0.33 1.25 .189 0.15 0.06 0.39 <.001
Age group (y)

66-69 1.00 1.00

70-74 1.19 0.87 1.62 .275 1.26 0.85 1.87 .241

>75 1.34 1.00 1.79 .051 1.42 0.98 2.05 .061

Sex

Male 1.00 1.00

Female 1.06 0.83 1.34 .641 1.12 0.83 1.52 .461

Race/ethnicity

Nonwhite 1.00 1.00

Non-Hispanic white 1.25 0.97 1.61 .079 1.22 0.89 1.68 .210

Marital status

Single 1.00 1.00

Married 0.74 0.55 1.00 .050 0.69 0.47 1.03 .068

Other 0.81 0.56 1.17 .260 0.77 0.48 1.25 .298

Geographic region

West 1.00 1.00

Northeast 1.06 0.78 1.43 .717 0.97 0.66 1.42 .860

Midwest 1.41 0.88 2.25 .150 1.04 0.55 1.98 .908

South 1.50 1.08 2.10 .017 1.41 0.93 2.14 .109

Tumor size (cm)

<3 1.00 1.00

3-5 1.34 0.99 1.81 .056 1.35 0.93 1.96 .113

>5 2.13 1.48 3.07 <.001 2.47 1.59 3.86 <.001
Unknown 1.82 1.17 2.83 .008 2.27 1.34 3.85 .002

Charlson comorbidity score

0 1.00 1.00

1 1.11 0.81 1.52 .510 1.16 0.79 1.71 .453

>2 1.55 1.15 2.08 .004 1.55 1.07 2.25 .022

Chemotherapy

No 1.00 1.00

Yes 0.93 0.73 1.18 .550 1.03 0.76 1.39 .861

Performance status

Normal 1.00 1.00

Restricted 1.37 1.06 1.77 .018 1.02 0.72 1.44 .924

CI indicates confidence interval; CSS, cancer-specific survival; CT, computed tomography; HCC, hepatocellular carcinoma; HR, hazard ratio; OS,

overall survival; US, ultrasound.
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$17 457 (95% CI $11 488-$23 426) (P¼.700), and the finding is
consistent in the propensity scoreematched cohort (Table 3).
Discussion

In this retrospective cohort study, we observed a significant in-
crease in the use of CT-guided RFA over the 10-year study period
among patients with HCC. Nevertheless, comparedwith the use of
US-guided RFA, the use of CT guidance did not appear to be
associated with better clinical benefits, as quantified by the OS,
CSS, as well as periprocedural and delayed complications.
Considering the higher costs of CT-guided RFAs, the similarity in
clinical benefits between these 2 image guidance procedures begs
the question whether CT-guided RFA represents high-value can-
cer care for patients with unresectable HCC.
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Table 3 – Cost estimates ($) of CT- and US-guided RFAs as well as the costs of postprocedural complications.

Study sample Mean ± SD 95% CI P value

Cost of RFAs <.001
CT-guided RFAs 2 847 ± 1 690 2 652-3 041

US-guided RFAs 1 862 ± 1 352 1 657-2 065

Cost of postprocedural complications .700

CT-guided RFAs 16 134 ± 33 152 12 316-19 953

US-guided RFAs 17 457 ± 39 541 11 488-23 426

Propensity scoreematched cohort

Cost of RFAs <.001
CT-guided RFAs 2 671 ± 1 586 2 488-2 853

US-guided RFAs 1 746 ± 1 268 1 554-1 937

Cost of postprocedural complications .713

CT-guided RFAs 15 135 ± 31 099 11 553-18 717

US-guided RFAs 16 376 ± 37 093 10 777-21 976

CI indicates confidence interval; CT, computed tomography; HCC, hepatocellular carcinoma; HR, hazard ratio; RFA, radiofrequency ablation; US,

ultrasound.
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The sharp increase in the use of CT-guided RFA is consistent
with the national trend of the dramatically increasing supply of
CT facilities.29,30 Although financial incentive from providers
might have escalated the adoption of CT-guided RFAs, another
plausible explanation is the concern over inferior image quality of
US-guided procedures because of difficulty in visualizing small
tumors and macronodular cirrhosis and high dependence on
operator experience and the patient’s liver status.31 It is not clear
whether the trend of increasing use of CT guidance will continue
because the need for experienced radiologists and anesthesiolo-
gists may slow down the rate of replacing US guidance with CT
guidance in community practice.

In our analysis, the periprocedural and delayed complication
rates were statistically indistinguishable between patients with
CT- and US-guided RFA. Among the 6 types of complications
examined, CT-guided RFA was only marginally superior to US-
guided RFA on the risk of periprocedural biliary tract damage in
the univariate analysis. No benefits on risk reduction were found
across the subgroups stratified by the tumor size (<3 cm, 3-5 cm,
and >5 cm). Furthermore, all odds ratios of complications from
multivariate analyses were not statistically significant between
CT- and US-guided RFA. The noninferior performance of US-
guided RFA compared with CT-guided RFA was also found on
the OS and CSS. It is worth noticing that the overall post-
procedural complication rates reported in our study were higher
than those reported in clinical trials or single-institution studies
published in the literature. The rate of any short-term and long-
term complications in our study was 25.2% and 53.2%, respec-
tively, for US-guided RFA, whereas the rate reported from an
Italian multicenter trial of US-guided RFA was 2.2% for major
complications and 4.7% for minor complications32 and about 4.8%
in a Taiwanese trial.33 In a US-based study, Curley et al34 reported
the complication rate after RFA to be 12.7%, which was similar to
the rate reported in a study conducted at a tertiary referral cancer
center by Amersi et al.35 A higher complication rate (~14.3%) after
US-guided RFA was found in an Italian trial of 139 patients.36 The
relatively high complication rates in our study likely reflected the
older age of patients in our SEEReMedicare analysis because
participants of clinical trials tended to be younger and healthier.

The financial implication of replacing US-guided imaging
procedures with CT-guided procedures calls for the development
of clinical criteria to identify patients who will truly benefit from
CT procedures because widespread, nondiscretionary use of CT-
guided RFA would increase the economic burden of cancer care
for patients with HCC and the overall healthcare expenditures
without apparent clinical benefit. Concerns over the unsustain-
able increase in the cost of cancer care and affordabilitymotivated
the collaboration between the American Board of Internal Medi-
cine’s Choosing Wisely campaign and the American Society of
Clinical Oncology’s Value of Cancer Care to publish 2 “top five”
lists of low oncology care.37,38 Both lists called out overutilization
of advanced imaging technology. The findings of similar clinical
benefits (in terms of survival and postprocedural complications)
between CT- and US-guided RFA from our observational study
warranted further investigation into the value of CT-guided RFA in
the care of patients with unresectable HCCs. As the number of
patients with HCC continues to grow each year in the United
States andworldwide, a practice pattern that switches fromUS- to
CT-guided RFA could impose substantial financial burden on the
healthcare system.

When there is a lack of definitive evidence on the superiority of
CT-guided RFA over US-guided RFA, the concept of “less is more”
deserves careful consideration in the treatment of unresectable
HCCs.39

Our study had several limitations. First, clinical outcomes
evaluated in our study were limited to those that could be
measured in claims linked to cancer registry; therefore, we were
not able to examine the technical effectiveness of image guidance
of RFA, such as the complete ablation ofmacroscopic tumors after
RFA, and local tumor progression. Second, we did not find any
patients who used magnetic resonance guidance in our study
cohort because of unavailability of the most recent data on this
new technology. Compared with CT and US guidance, magnetic
resonance guidance has demonstrated better efficacy at support-
ing RFA,40 but is also far costlier than the CT- or US-guided pro-
cedure. Future researchshould investigate thecost effectivenessof
these 3 imaging guidance technologies for patients with unre-
sectable HCCs who received RFAs. Third, many clinical variables
that could potentially affect the selection of the type of RFA or
health outcomes, such as tumor location, grading of toxicities, and
the ChildePugh score, were not captured in the SEEReMedicare
data. Besides tumor size and comorbidity, tumor location is
another important clinical factor that has an impact on peri-
procedural complications. The procedure conducted near the
hilumof the liver is complexbecauseof thevascular structures and
high risk of biliary stricture or fistula formation.41 The risk of
perforation is also high when the procedure was for lesions near
the liver capsule or in proximity to a hollow intra-abdominal
viscus.32,42 Another unmeasured clinical confounder is physi-
cian’s experience. RFA is a highly skill-dependent procedure, and
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Fig. 2 – (A) OS and (B) CSS of patients undergoing RFA. CSS indicates cancer-specific survival; CT, computed tomography; OS,
overall survival; RFA, radiofrequency ablation; US, ultrasound.
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physician’s experience in this procedure is an independent prog-
nostic factor.43 Patients who were operated by experienced phy-
siciansmayhave a lower risk of complications than those operated
by less experienced physicians. Nevertheless, because of the lim-
itation of the database, we were not able to measure the physi-
cian’s experience. Fourth, minor toxicities that do not require
medical intervention were not captured in the claims database.
Fifth, this study is limited to theMedicare population aged 65 years
and older, and therefore the study findings may not be generaliz-
able to younger populations. Sixth, the SEEReMedicare data do not
collect information on patient quality of life and patient satisfac-
tion after treatment; future studies that compare these patient-
reported outcomes are needed. Finally, although the Medicare
claims data included payment to clinician consultations, they do
not collect information to allow the comparison of physician
training costs between CT- and US-guided RFA.
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Fig. 3 – Adjusted odds ratios of use of image guidance in predicting postoperative complications: (A) the association of image
guidance and periprocedural complications and (B) the association of image guidance and delayed complications. CI
indicates confidence interval; CT, computed tomography; US, ultrasound.
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Conclusions

Our study found that despite its rapid adoption over time, CT-
guided RFA incurred higher procedural costs than US-guided
RFA but did not significantly improve postprocedural complica-
tions and survival. Echoing the American Board of Internal Med-
icine’s Choosing Wisely campaign and the American Society of
Clinical Oncology’s Value of Cancer Care initiative, findings from
our study call for critical evaluation of whether CT-guided RFA
provides high-value care for patients with HCC.
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