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Abstract

Background.—Resection has been the standard of care for patients with solitary hepatocellular
carcinoma (HCC). Transarterial embolization and percutaneous ablation are alternative therapies
often reserved for suboptimal surgical candidates. Here we compare long-term outcomes of
patients with solitary HCC treated with resection versus combined embo-ablation.

Methods.—We previously reported a retrospective comparison of resection and embo-ablation in
73 patients with solitary HCC <7 cm after a median follow-up of 23 months. This study represents
long-term updated follow-up over a median of 134 months.

Results.—There was no difference in survival among Okuda | patients who underwent resection
versus embo-ablation (66 vs 58 months, p=.39). There was no difference between the groups in
the rate of distant intrahepatic (p = .35) or metastatic progression (p = .48). Surgical patients
experienced more complications (p = .004), longer hospitalizations (p < .001), and were more
likely to require hospital readmission within 30 days of discharge (p=.03).

Conclusion.—Over a median follow up of more than 10 years, we found no significant
difference in overall survival of Okuda 1 patients with solitary HCC <7 cm who underwent
surgical resection versus embo-ablation. Our data suggest that there may be a greater role for
primary embo-ablation in the treatment of potentially resectable solitary HCC.

Hepatocellular carcinoma (HCC) is the fifth most common cancer worldwide. Its prevalence
and high ratio of mortality to incidence (0.93) make HCC the third most common global
cause of cancer death, second only to lung and gastric cancer.! Hepatitis C virus (HCV) is
the primary risk factor in Europe, Japan, and North America. The epidemic history of HCV
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in the United States is linked to intravenous opiate use in the 1960s coupled with
contaminated blood transfusions resulting in an exponential rise in HCV infection that
peaked at 3.6 million in 2001.2 Between 25 and 35 % of chronically infected HCV patients
will develop cirrhosis, and among those the risk of hepatocellular carcinoma has been
estimated at 3-5 % per year.3 This figure is expected to rise because of the increasing age of
the HCV-infected cohort and increasing prevalence of diabetes and nonalcoholic
steatohepatitis (NASH), each representing an independent risk factor for HCC.4=6 The
incidence of HCC is projected to peak between 2020 and 2030, and contemporary
demographic trends anticipate an older patient population with increased comorbidity.”-2

While surgical resection has long been the standard of care for patients with solitary HCC,
unfavorable tumor location, insufficient hepatic reserve, or other comorbidities preclude
surgery in many patients.10 Hepatic artery embolization and percutaneous tumor ablation
have been used alone or in combination for unresectable disease.11~15 Here we compare
long-term outcomes between patients with solitary HCC up to 7 cm in diameter who were
treated with surgical resection or combined embolization and ablation (embo-ablation).

MATERIALS AND METHODS

Patients

A preliminary study of this cohort was published in 2005.16 Institutional Review Board
waiver was obtained for this retrospective study. A query of a HIPAA-compliant Memorial
Sloan-Kettering surgical database from January 1996 to August 2002 retrieved 372 new
HCC patient consultations. Of these, 73 had solitary lesions measuring up to 7 cm in
diameter. Based on Disease Management Team (DMT) consensus, 40 patients were selected
for surgical resection and 33 were referred to Interventional Radiology (IR) for embo-
ablation. Of the 33 referred for embo-ablation, 16 were considered poor surgical candidates
because of advanced cirrhosis diagnosed either preoperatively (13 patients) or at laparoscopy
(3 patients). Three elderly patients (ages 79-91) with coronary vascular disease and 3
patients with poor pulmonary reserve (1 post-pneumonectomy, 1 with severe emphysema,
and 1 patient with synchronous NSCLC) were considered high risk for surgery. In 3 patients
tumor resection would have required excessive functional parenchymal loss. A single patient
who was a surgical candidate opted for less-invasive therapy and 1 patient with a 2.5-cm
HCC was referred to IR with the goal of minimizing parenchymal loss in consideration of
his young age (48 years) and likelihood of recurrence. Three patients were referred directly
from a medical oncologist, and no documentation is available for 3 patients. Patient
demographic information is presented in Table 1.

Treatment and Follow-up

Surgical resections included 6 hemi-hepatectomies and 34 partial hepatectomies/
segmentectomies. Our technical approach to HCC resection and embolization has been
described.1® Percutaneous tumor radiofrequency ablation (RFA) or ethanol injection (PEI)
was performed on the day following embolization. The ablative modality (RFA or PEI) was
selected at the operator’s discretion; 11 patients underwent RFA and 22 underwent PEI.
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Patients were followed at intervals of 3-6 months with multiphase CT or MRI for evidence
of disease residual or progression. “Residual” was defined as nodular enhancement within or
at the margin of the treated tumor. “Progression” was defined as new intrahepatic disease or
extrahepatic metastasis. The presence of residual disease or disease progression was
determined by consensus of 2 ABR-certified radiologists (EE, AC) who reviewed all follow-
up imaging independently. One patient in the surgery group for whom no imaging was
available was excluded from analysis. In total, 558 follow-up studies were reviewed.

Statistical Analyses

RESULTS

Survival

The distribution of baseline variables between the surgery and the embo-ablation groups was
compared using Fisher exact test for categorical variables and Wilcoxon rank sum test for
continuous variables.

Overall survival was defined as the time from the initial procedure (either surgical resection
or embo-ablation) until the date of death or the date of last follow-up. Median survival was
estimated by the Kaplan—Meier method, and median survival was calculated using the
reverse Kaplan—Meier. Survival distributions were compared between groups using the log-
rank test. Cox regression was used to assess the association between continuous variables
and overall survival. To analyze the association between overall survival and factors that
were not yet known at the time of procedure such as length of hospital stay, 30-day
readmission and major complications within 30 days, estimates of survival was landmarked
from 30 days after the procedure. No patient had less than 30 days of follow-up.

Several disease endpoints were compared: time to recurrence, intrahepatic and extrahepatic
progression, and time to first salvage therapy. Follow-up was calculated from the date of
initial treatment until the date of detection of the event of interest (i.e., either recurrence or
progression) or the date of last follow-up. Death without the recurrence or progression was
treated as a competing event. The rate of the event of interest was estimated by the
cumulative incidence function, and differences between groups were compared by Gray’s
test.1” The proportion of extrahepatic progression events by 18 months were estimated,
where those who did not progress but were not followed for at least that length of time were
excluded and those who progressed after 18 months were considered to have no progression.
The proportions between groups were compared by Fisher exact test. We also compared the
2 groups on the number of salvage treatments among those who received them using
Wilcoxon rank sum test.

Statistical analyses were performed using SAS 9.2 (SAS Institute, Cary, NC). Competing
risk analysis was performed in R version 2.11.1 (www.R-project.org) using library
“cmprsk.”18

Median follow-up was 134 months (95 % CI 105-142 months). Median survival was 66
months for the surgery group and 54 months for the embo-ablation group (p = .10; Fig. 1).
To control for Okuda stage we compared survival between Okuda | patients in the surgical
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(40 of 40) and embo-ablation (24 of 33) groups. Survival of Okuda | embo-ablation patients
was superior to that of surgical patients until 4 years following treatment, at which point the
trend was reversed. Overall survival between Okuda | patients undergoing primary resection
or embo-ablation was similar (66 vs 58 months, p=.39).

The prognostic impact of Okuda stage was examined by comparing all Okuda | patients to
the 9 Okuda Il patients. Okuda Il patients fared worse, with a median survival of 33 versus
63 months among Okuda | patients (p = .005). The prognostic impact of Okuda Il stage was
significant even within the embo-ablation group (median survival 33 vs 58 months, p=.
007).

At 9 years (108 months) follow-up, 3 of the 24 Okuda | embo-ablation patients and 7 of the
40 Okuda | surgical patients were alive. No Okuda Il patient survived longer than 60.5
months.

Disease Recurrence

Of 33 emho-ablation patients, 23 required retreatment for residual disease. As might be
expected, residual tumor was rare following segmentectomy (3 of 40). The rate of distant
intrahepatic progression was not different between the groups (o = .35; Fig. 2a).

A total of 8 surgical patients and 5 embo-ablation patients developed extrahepatic
metastases. Of the 8 surgical patients who developed extrahepatic metastases, 4 progressed
within 6 months and died within 1 year and a total of 6 (75 %) progressed by 18 months.
The first incident of metastatic disease among the embo-ablation patients occurred after 28
months. Metastatic progression was significantly more likely among surgical patients at 18
months (p = .03; Fig. 2b), but not across all time points (p = .48; Fig. 2b).

Salvage Therapy

Embo-ablation patients were more likely to require salvage therapy (p <.0001). In total, 39
patients underwent salvage embolization: 25 in the embo-ablation group and 13 in the
surgical group. Also, 7 patients underwent surgical salvage therapy: 3 in the embo-ablation
group and 4 in the surgical group. Regardless of initial therapy received, all patients who
required salvage therapy underwent similar numbers of treatments: median number of
salvage treatments was 2.0 (range 1-7) for the surgery group and 2.0 (range 1-8) in the
embo-ablation group (o= .75)

Morbidity and Hospital Stay

Periprocedural complications are classified as per the Society for Interventional Radiology
Standards of Practice.1® Surgical patients were significantly more likely to experience
periprocedural complications (p=.004) as well as complications requiring hospital
readmission within 30 days of discharge (p=.03; Table 2). There were 2 (6 %) major
periprocedural complications encountered following embo-ablation; both were treated with
IV antibiotics. There were 14 major perisurgical complications (35 %), most of which
represented infections requiring 1V antibiotics. Noninfectious complications included 1
minor CVA, a minor inferior wall intraprocedural myocardial infarction, 1 pulmonary

Ann Surg Oncol. Author manuscript; available in PMC 2019 July 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Elnekave et al.

Page 5

embolus, and 1 episode of postoperative pulmonary insufficiency requiring extended
mechanical ventilation. Of 6 surgical patients readmitted within 30 days of discharge, 1
presented with portal vein thrombosis, 4 had new ascites with or without wound infection,
and 1 patient presented with UTI. Readmission within 30 days of discharge was a significant
predictor of early mortality (p=.005; Table 3). Median survival for the 6 patients readmitted
within 30 days of surgery was 13 months, compared with 59 months for patients who did not
require readmission (p=.003; Table 2). No embo-ablation patient was readmitted within 30
days of discharge.

Postsurgical hospital stay (median 7 days; range 4-22 days) was significantly longer than
that following embo-ablation (median 3 days; range 1-8 days; p < .0001).

DISCUSSION

The present study is the first to compare long-term outcomes of HCC patients treated
surgically or with embo-ablation for curative intent. In 2006, Chen et al.12 reported
equivalent survival and disease progression among patients randomized to surgery or
ablation for small (<5 cm) solitary HCC. That study was limited by a short median follow-
up interval of 26 months and strict inclusion criterion that would have excluded 22 of our 33
embo-ablation patients because of their age, tumor size, or Child—Pugh score.12 Studying
RFA for small (<2 cm) HCC over a median follow-up of 31 months, Livraghi et al. 20
demonstrated 97.2 % complete response and 5-year survival of 68.5 %, arguing that RFA
may be the treatment of choice in patients with potentially resectable <2 cm HCC. The same
conclusion was drawn in a 2012 retrospective study of 145 patients with resectable <2 cm
HCC, of whom 71 received RFA and 74 underwent resection.?! Each of these studies found
significantly reduced morbidity and hospital stay for patients treated with ablation versus
surgery. Such observations formed the basis for Forner et al’s 2012 revision?? to the BCLC
schema, replacing surgical resection with ablation as first-line treatment for solitary lesions
<2 cm.

Our study expands on these reports in key respects, including the benefit of a long median
follow-up interval of 134 months. We treated larger lesions (<7 cm), making our results
relevant to a greater proportion of HCC patients. Our selection criteria were also sufficiently
broad that no patient with a solitary HCC <7 cm was excluded from undergoing embo-
ablation. In fact the majority of patients treated with embo-ablation in our series were
considered poor surgical candidates because of underlying comorbidity.

The decision to investigate intrahepatic and extrahepatic progression independently is rooted
in our emerging awareness that surgery and ablation generate distinct regional or systemic
immunomodulatory effects that may affect tumor progression. Goldberg and Rozenblum et
al. 2324 recently described regenerative changes in both treated and contralateral liver lobes
in animal RFA models. Van der Bij et al.2® identified wound-healing factors essential to
postoperative recovery and paradoxically, metastatic progression. Others have associated the
risk of postoperative metastasis to the degree of intraprocedural trauma and blood loss.26:27
Observations like these offer some explanation as to why patients undergoing minimally
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invasive embo-ablation may be less likely to develop metastatic disease in the early
postoperative period.

Our study limitations include all those inherent to a retrospective, nonrandomized
investigation. Our conclusions must also be framed in the context of a relatively small
sample size of 73 patients. In addition, the benefits of our long-term study come at the
expense of studying outdated technique. This is particularly true with regard to our ablative
protocol, and the high rate of marginal tumor recurrence following embo-ablation reflects
this. In our current practice, thermal ablation would be delivered via multiple probes to treat
lesions >5 cm and PEI is used sparingly. Furthermore, contemporary studies would typically
establish prognostic staging according to BCLC rather than Okuda staging.

In conclusion, over a median follow-up of 134 months, we found no difference in survival or
intrahepatic disease progression among patients who underwent surgical resection compared
with embo-ablation for the primary treatment of solitary HCC <7 cm. Embo-ablation was
associated with significantly shorter hospital admissions and fewer complications. As
widespread screening programs detect earlier-stage HCC among an aging HCV-infected

cohort, primary embo-ablation with curative intent may serve an increasingly important role.
28-30
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FIG. 1.
Survival. Median follow-up was 134 months. a Overall survival by initial treatment. b

Overall survival by treatment and Okuda stage. ¢ Overall survival by Okuda stage
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FIG. 2.

Disease recurrence. a Intrahepatic disease progression. b Extrahepatic disease progression
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TABLE 1
Patient demographics
Characterigtic Surgery Embolization  , yqiye”
(N = 40) (N=33)
Age, years, median (range)  65.5 (26-78) 71 (31-91) .04
Sex .55
Male 6 (15 %) 7 (21 %)
Female 34 (85 %) 26 (79 %)
Okuda stage .0004
1 40 (100 %) 24 (73 %)
2 0 (0 %) 9 (27 %)
Modified BCLC stage o 43
0 1(2 %) 1(3%)
Al 16 (40 %) 16 (48 %)
A2 2(5 %) 4(12 %)
B 21 (53 %) 12 (36 %)
Childs—Pugh class .04
A 39 (100 %) 29 (88 %)
B 0 (0 %) 4 (12 %)
NA 1
Tumor size, median (range) 5 (1.8-6.8) 3.8(1.7-7) .05
<3cm 7 (18 %) 11 (33 %)
3.1-4.2 cm 9 (22 %) 9 (27 %)
4.3-55cm 12 (30 %) 7 (21 %)
5.6-7 cm 12 (30 %) 6 (18 %)

*
Fisher exact or Wilcoxon rank sum test

Modified BCLC stage incorporates the data available retrospectively, including Child Pugh score, serum bilirubin and presence/absence of portal
hypertension. Functional status, a key component of BCLC stage was not available for all patients and was not included
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