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Abstract

Purpose—To assess the predictive value of examinations of tissue adherent to multitined
electrodes on local tumor progression-free survival (LPFS) and overall survival (OS) after liver
tumor radiofrequency ablation (RFA).

Methods—An institutional review board—approved, Health Insurance Portability and
Accountability Act-compliant review identified 68 liver tumors treated with RFA in 63 patients
with at least 3 years’ follow-up. Tissue adherent to the electrode after liver tumor RFA was
evaluated with proliferation (Ki-67) and apoptotic (caspase-3) markers. LPFS and OS were
evaluated by Kaplan—Meier methodology and the log-rank test. Multivariate analysis assessed the
effect of tumor size, pathology, and post-RFA tissue characteristics on LPFS and OS.

Results—Post-RFA tissue examination classified 55 of the 68 tumors as completely ablated with
coagulation necrosis, with cells positive for caspase-3 and negative for Ki-67 (CN). Thirteen had
viable Ki-67-positive tumor cells. Mean liver tumor size was larger in the viable (V) group versus
the CN group (3.4 vs. 2.5 cm, respectively; P =.017). For the VV and CN groups, respectively,
local tumor progression occurred in 12 (92 %) of 13 and 23 (42 %) of 55 specimens. One, 3-, and
5-year LPFS was 8 %, 8 %, and 8 %, and 79 %, 47 %, and 47 % (P <.001) for the VV and CN
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groups, respectively. During a 63-month median follow-up, 92 % of patients in the V group and
58 % in the CN group died, resulting in 1-, 3-, and 5-year OS of 92 %, 25 %, and 8 % vs. 92 %, 59
%, and 33 % (P = .032), respectively.

Conclusions—Ki-67-positive tumor cells on the electrode after liver tumor RFA is an
independent predictor of LPFS and OS. Size, initially thought to be an independent risk factor for
local tumor progression in tumors 3-5 cm, does not hold its significance at long follow-up.

Primary hepatocellular carcinoma (HCC) and metastatic colorectal carcinoma (CRC) are the
most common malignant liver tumors. HCC is diagnosed in approximately 1 million people
worldwide every year, and it is the most common solid carcinoma in the world.12 Annually,
700,000 people develop CRC worldwide, and as many as 50 % of these patients will
develop liver metastases during the course of their disease.3 Hepatectomy is considered the
treatment of choice for malignant liver tumors, but the majority of patients with liver
malignancies are not candidates for surgery.23 In the last decade, there has been an
increasing use of radiofrequency (RF) ablation (RFA) for liver tumors, and its efficacy has
been demonstrated in several studies.210

Local tumor progression (LTP) after liver tumor RFA remains an important limitation of
RFA with relatively short local progression-free survival (LPFS) in substantial percentages
of patients.11-20 There is a need for the utilization of prognostic tools and markers to
identify patients at risk for LTP and short LPFS after RFA. Prior studies of hepatic RFA
demonstrated that histopathologic analysis of tissue adherent to multitined RFA electrodes
was feasible.2! The use of Ki-67 proliferation and caspase-3 apoptosis markers can classify
specimens from ablated tumors as viable or necrotic.2? Caspase-3 regulates downstream
activators, which cleave cytoskeletal and nuclear proteins, inducing apoptosis and
irreversible cell death.23 Ki-67 is a proliferation antigen that is expressed during all cell
cycle phases except the Gy phase and is indicative of a cell that maintains the ability to
proliferate and thus is viable.24

Our hypothesis was that the identification of even a single Ki-67-positive tumor cell
adherent to the RFA electrode is indicative of incomplete ablation and is associated with a
higher probability for LTP and shorter patient survival. The aim of this study was to
examine the predictive value of histopathologic findings on LPFS and overall survival (OS).
This study was designed to assess whether the proliferation marker Ki-67 can be used as an
independent predictor of oncologic outcomes, particularly survival, after liver tumor RFA.

MATERIALS AND METHODS

We collected and examined the tissue adherent on multi-tined RF electrodes used for
ablation of 68 liver tumors applying proliferation (Ki-67) and apoptotic (caspase-3) markers.
An institutional review board waiver was obtained for retrospective review. All specimens
with Ki-67-positive tumor cells were classified as viable; all the rest were classified as
coagulation necrosis (CN). We reviewed all medical records and relevant imaging studies to
determine long-term clinical outcomes and assess the prognostic value of the histopathologic
features of tissue adherent to the electrode after RFA of liver malignancies. A detailed
description of methodology and analysis was made in a preliminary study.22
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Inclusion Criteria

Patients with up to three primary or metastatic liver tumors (< 5 cm in diameter) and limited
to no more than three lesions outside the liver were included in the study. A minimum
follow-up of 3 years after ablation was required for inclusion in this cohort.

Exclusion Criteria

Subjects

Treatment

We excluded patients with noncorrectable coagulopathy (international normalized ratio of
>1.5 or platelet count of <50,000 mm3); a tumor location of <1 cm from a major bile duct,
gastrointestinal tract, or major blood vessel; and patients who were unable to undergo
general anesthesia.

Between March 20, 2003, and March 9, 2006, we ablated 68 consecutive hepatic tumors in
63 patients (32 women, 31 men, age 27-88 years) by using two multitined RF electrodes as
described below. Twenty-nine tumors were metastatic CRC, 19 were HCCs, and the rest
were diverse metastatic tumors (Table 1). In order to plan the procedure, all patients were
evaluated by dynamic computed tomography (CT) within 30 days from the ablation. Patient
demographics in the CN and viable (V) groups were of comparable size (P >.05) (Table 1).

All tumors were treated with CT-guided RFA. Patients were sedated and monitored by an
anesthesiologist. A pro-phylactic antibiotic (1 g Ancef; GlaxoSmithKline, Research Triangle
Park, NC) was administered intravenously just before the procedure. RFA was performed
with the Radio-therapeutics LeVeen (n = 54) or the RITA Starburst XL (n = 14) device,
depending on tumor size and geometry, and operator preference. The goal was to create an
area of CN at least 1 cm larger than the tumor’s largest diameter to achieve a minimum
ablation margin of 5 mm uniformly around the tumor. Needle placement and accurate tumor
targeting was always evaluated with CT and when necessary with sonography. As needed,
overlapping ablations were performed in order to completely treat the tumor with a
sufficient margin.25 Fifty-five tumors were treated with more than one overlapping
ablations. Of these, 10 were treated with three overlapping ablations. No tumor was treated
with more than three overlaps. We applied and completed the manufacturer’s recommended
protocol in all cases. Detailed description of these protocols has been previously
described.??

Histopathologic and Immunohistochemical Analysis

A detailed methodology has been previously described.2? Tissue was identified in all
multitined electrodes. In brief, after all tissue fragments were collected from electrodes, they
were fixed in formalin and stained with hematoxylin and eosin, then analyzed for the
apoptotic marker caspase-3 and for the cell proliferation marker Ki-67.23:24 Specimens
positive for Ki-67 alone or for both markers were classified as viable tumor. The remaining
specimens included thermal artifact/CN without identifiable cells or cells negative to Ki-67,
and were classified as CN.
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Imaging Follow-up

Definitions

Dynamic CT was performed within 25-42 days of RFA to evaluate response. A defect
covering the target tumor with lack of enhancement of the ablated area was considered
evidence of complete and effective ablation. Irregular peripheral or nodular enhancement
within 1 cm of the ablated area was considered untreated (residual) tumor and a technical
failure.26:27 Thereafter, radiologic follow-up continued at 2—4-month intervals for 5 years
(or until death) and was used to evaluate LTP at the site of prior ablation . Evidence of
irregular or nodular enhancement within 1 cm of the previously treated tumor was
considered LTP.26.27

We have adhered to the guidelines regarding terminology and definitions as described by
Goldberg et al.2” These are as follows. Technical success of RFA is documented when
tumor is treated according to protocol and covered completely as seen on the immediately
postablation CT. Technique effectiveness is defined as an ablation defect covering the entire
tumor at a 4-8-week post-RFA CT. LTP is defined as enhancement or focal growth of tumor
tissue within 1 cm of the ablated tumor developing in subsequent follow-up CT, performed
every 2-4 months. Primary LPFS is defined as the time interval between the initial RFA and
the first radiologic evidence of LTP at the site or within 1 cm from the ablated tumor.
Intervention-assisted LPFS is defined as the cumulative time between initial RFA and the
latest radiologic follow-up that shows LTP. This interval includes all ablations performed
for the treatment of LTP within 1 cm from the treated tumor. Finally, OS time is defined as
the cumulative time between RFA and patient’s death or most recent follow-up.

Statistical Analysis

RESULTS

Tumor size was expressed as mean = standard deviation and compared between the V and
CN groups by the two-sample t test. The Fisher’s exact test was used to determine the
association between overlapping ablations and presence of Ki-67-positive tumor on the
electrode. Overall and local progression-free survival probabilities were estimated by the
Kaplan—Meier method and compared with the log-rank test. The effect of overlapping
ablations on the LTP-free survival was also estimated by the Kaplan—Meier method and
compared between the V and CN groups with the log-rank test. We also repeated a bivariate
analysis with viable tissue and tumor size simultaneously, with 3 cm used as the cutoff, as
previously established.2?

We treated 63 patients with 68 hepatic tumors up to 5 cm in largest diameter with RFA.
Fifty-five specimens had CN and 13 had viable tumor. There was no difference in
overlapping ablations performed to completely treat the tumors in the two groups: 44 (80 %)
of 55 tumors in the CN group and 11 (85 %) of 13 tumors in the V group were treated with
at least one overlapping ablation (P = 1.0000). Mean tumor size + standard deviation before
treatment was larger in the V (3.4 + 1 cm) than in the CN group (2.5 + 1.1 cm) (P = .017).22
Disease and patient characteristics for the CN and V groups are summarized in Table 1.
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LTP and Primary LPFS

Median follow-up for the cohort was 63 (range 37-77) months and median LPFS was 25
(range 1-63) months. LTP occurred in 12 (92 %) of 13 lesions in the V group and 23 (42 %)
of 55 in the CN group (P <.001). Figure 1a shows a significantly prolonged LPFS for the
CN when compared to the V group. The primary LPFS rates for VV and CN groups were 8 %
VS. 79 %, 8 % vs. 47 %, and 8 % vs. 47 % at 1, 3, and 5 years after RFA, respectively (P <.
001). There was no difference in LPFS between HCC and CRC patient groups (P =.78). For
both HCC and CRC, there were no LTP-free patients within the V group after only 6
months. For both the HCC and the CRC populations, significantly prolonged LPFS in the
CN groups was recorded (Fig. 2) (P <.001 for both).

Intervention-assisted LPFS

During this study, five lesions in the CN group and three in the V group underwent a second
RFA to treat LTP. Two lesions, one in the CN group and one in the V group, underwent a
third RFA for additional LTP. The 1-, 3-, and 5- year intervention-assisted LPFS
probabilities were 31 % vs. 85 %, 8 % vs. 66 %, and 8 % vs. 51 % in the V and CN groups,
respectively (P <.001).

Analysis of Factors Related to LTP

We evaluated the effect of tumor size, ablation technique, and viability after RFA on LTP
(Table 2). The performance of overlapping ablations did not affect LTP. The 2-year LTP-
free survival rates were 52 % for tumors treated without overlaps and 51 % for tumors
treated with at least one overlap (P = .445). Lesion size, when used as a continuous variable
in univariate analysis, was a significant predictor of LTP with each additional centimeter in
tumor size, increasing the risk of LTP by 40 % (P = .04). In a multivariate analysis including
size and viability, size was not significant (hazard ratio [HR] 1.25, 95 % confidence interval
[CI] .89-1.76, P = .20), while viability retained its significance (HR 5.1, 95 % CI 2.4-10.6,
P <.001). These findings confirm that prognostic significance of tumor viability is sustained
at 5-year follow-up. In contrast, size is no longer an independent risk factor for LTP for all
lesions up to 5 cm in largest diameter.

Patient Survival

Of 63 patients in the study, 51 were in the CN group and 12 were in the V group. During the
study, there were 44 deaths, 32 in the CN group and 12 in the V group, with a median OS of
34 (range 2—77) months. After the RFA procedure, the overall 1-, 3-, and 5-year survival
rates for all 63 patients were 92 %, 49 %, and 25 %, respectively (Fig. 1b). Median and 1-,
3-, and 5-year OS rates for the CN group were 41 months, and 94 %, 59 %, and 33 %,
respectively. These were significantly longer than in the V group, which reached a median
OS of 24 months, and 1-, 3-, and 5- year OS of 92 %, 25 %, and 8 %, respectively (P =.032)
(Fig. 1b). We evaluated whether size and viable tissue are both independent predictors in a
multivariate model. Size was not significant (P = .38, HR 1.13), leaving viable (Ki-67
positive) tumor cells as the only predictor of OS (P =.037, HR 2.11, 95 % CI 1.05-4.25).
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Separate analysis of the HCC and CRC groups was performed on the basis of the viable
tumor or CN status of the tissue. The median OS for HCC was 25 and 30 months for the V
and CN groups, respectively (P = .24). The 1-, 3-, and 5-year survival rates for the HCC
group were 94 %, 50 %, and 36 %, respectively. The median OS for CRC was 23 and 47
months for the V and CN groups, respectively (P =.18). The 1-, 3-, and 5-year survival rates
for the CRC group were 88 %, 57 %, and 32 %, respectively.

DISCUSSION

Primary HCC and metastatic CRC are the two most common malignant liver tumors.
Hepatic resection is the ideal treatment for hepatic malignancies; however, only 5-15 % of
patients with HCC and 20-25 % of those with liver metastasis are candidates for resection at
diagnosis.2 RFA is a safe and effective treatment of unresectable hepatic tumors.28-31
Unfortunately, incomplete tumor treatment and local tumor recurrence or progression (LTP)
are common after percutaneous RFA.14:15:31.32 percytaneous ablation techniques are
designed to destroy tumor locally without tissue removal. At the end of the procedure, the
ablated tumor remains in the body and, unlike in surgery, there is no tissue examination to
confirm tumor death and sufficient margin creation. This limitation and the lack of
evaluation of regional lymph nodes represent the relative disadvantages of percutaneous
ablation when compared to open surgery.

This study reports 5-year follow-up data for patients who had examinations of tissue
adherent to multitined RF electrodes after ablation of liver malignancies. On the basis of the
findings from our latest work, the identification of Ki-67-positive tumor cells adherent on
the RF electrode was considered an independent predictor of LTP after liver tumor
ablation.22:33 Kj-67 seems to be the most relevant marker to evaluate the ability of tumor
cells to proliferate and eventually result in LTP.22 In this 5-year follow-up study, we
confirmed our initial results showing that Ki-67 analysis of tissue adherent to electrodes can
reliably predict LTP after RFA of liver malignancies. When comparing the median
progression-free survival of the CN (30 months) and V (5 months) groups, it is evident that
the V group (Ki-67-positive tumor cells) carries a significantly higher risk for LTP and
shorter LPFS (P <.001). On the contrary—size, initially thought to be an independent risk
factor for LTP in tumors 3-5 cm, does not hold its significance. Specifically, the new hazard
ratio attributed to tumor size is 1.25, compared to 1.4 in the initial study. This and a
relatively high hazard ratio for tumor viability (Ki-67-positive tumor cells) (5.1) are
responsible for the lack of tumor size significance and the added importance of the Ki-67 as
predictors of LTP after ablation of liver malignancies. Despite these changes, the current
results are consistent in the sense that the updated estimates of the hazard ratios (1.25 for
size and 5.1 for viability) are contained within the 95 % Cls from the preliminary study.??
The conclusions for the analysis of the subset of lesions <3 ¢cm in size are unchanged from
the preliminary results to the current analysis.

Prior publications have demonstrated that Ki-67 can be used as an independent predictor of
disease-free survival and OS in patients with different types of cancer, including HCC and
colon cancer.28:34-39 High levels of Ki-67 were also shown to be an independent predictor
of survival after resection of CRC hepatic metastases.*? In another study, patients who

Ann Surg Oncol. Author manuscript; available in PMC 2014 August 05.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Sofocleous et al.

Page 7

underwent hepatic resection along with Ki-67 immunohistochemical analysis demonstrated
a significantly improved 5-year survival rate when the Ki-67 labeling index was less than 50
% (49 % survival) as opposed to a Ki-67 labeling index above 50 % (16 % survival).*! This
work did not perform quantitative analysis of the Ki-67. Instead, tissue samples positive for
Ki-67 and negative for caspase-3 were classified as viable, while samples negative for Ki-67
were classified as CN. If both Ki-67 and caspase-3 were positive in a single sample, this was
labeled viable, using the logic that after ablation, even a single tumor cell positive for
proliferation can cause local recurrence.22

A recent study by Snoeren et al. analyzed the viability of tissue adherent on the electrode at
the end of ablation of liver tumors by the autofluorescence method and by glucose-6-
phosphate diaphorase staining. Similarly, in that cohort, viable tissue was an independent
risk factor for LTP.#2 The local recurrence rate in that study was high: 36 %, within a
median follow-up time of 34 months. Comparably, in our preliminary study we observed a
LTP rate of 41 % within a median follow-up time of 28 months. The additional follow-up
time allowed for the development of 7 more local recurrences, resulting in a 51 % rate of
LTP within a median follow-up of 63 months in the current study. This may more accurately
represent the long-term rate of LTP after ablation. This rate is on the high end but still
within the reported range of LTP after RFA. Although we assumed that all of these
progressions were the result of residual tumor left behind at the ablation zone, it is possible
that some of the progressions are the result of new tumor development and are not related to
the originally ablated tumor. This may be particularly true in the patients in whom no Ki-67
tumor cells were identified and in whom diffuse progression was noted in addition to LTP
(20 patients), as well as for originally ablated tumors (7 tumors) that developed LTP more
than 2 years after ablation. Notably, all the progressions in the Ki-67 group occurred within
a year of ablation. The relatively high LTP is a serious limitation of ablation.11-14 The
identification of prognostic factors and biomarkers that can predict outcomes is critical for
the evaluation of percutaneous ablation therapies. Such markers may allow for treatment
modifications (repeat ablation or other locoregional treatment or adjuvant chemotherapy) of
the patients at risk in order to improve clinical outcomes.

Our 5-year follow-up demonstrated a clear survival benefit in the group of patients who had
only coagulated tissue found on the electrode at the end of RFA. This indicates that Ki-67-
positive tumor cells adherent on the electrode after RFA is a strong independent predictor of
relatively short OS. In a multivariate analysis, no other factor was an independent predictor
of survival after RFA of liver malignancies.

There were a number of limitations to our study. The most important limiting factor
affecting the significance of our data was the relatively small number of enrolled patients (n
= 63). Similarly, the number of patients who were found to have Ki-67-positive tumor cell
on tissue adherent on the RF electrode was only 13. Although the differences between the V
and CN groups in terms of LPFS and OS are striking, these may not be an accurate
reflection of the overall population of patients with liver malignancies treated with RFA.
Another limitation was the lack of sampling of the entire ablated tumor similar to what
happens with the evaluation of the margins after surgery. Although a complete tissue
evaluation of the ablation margin is likely impossible, additional sampling might offer
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information about the ablation and its effect on tumor. Finally, our described methodology is
limited to the cases when tissue was adherent on the electrode. This method cannot be
universally applied in all ablation devices. With regard to our immunohistochemical
analysis, it appears that the evaluation of specimens with caspase-3 was of little value
because specimens that were positive for both markers (Ki-67 and caspase-3) were classified
as viable. Although our immunohistochemical analysis can be performed in fixed specimens
any time after the procedure, it cannot provide an immediate assessment of the ablated
tumor that could modify the treatment. Our current efforts toward modifying the technique
and improving clinical outcomes after tumor ablation include sampling the ablation zone by
biopsy and investigating viability stains that may enable immediate assessment of tumor
death and viability during ablation.

Ki-67 positivity might be used in the decision-making process for additional therapy in a
patient-tailored manner with additional locoregional or systemic therapy. To our knowledge,
this is the first time that Ki-67-positive tumor cells from ablated liver tumors have been
associated with OS. This important information demonstrates the value of tissue
characteristics as surrogate biomarkers of outcomes, and in particular survival, in the
treatment of liver malignancies and cancer in general.

In conclusion, we were able to confirm our hypothesis that the presence of Ki-67-positive
tumor cells adherent on the electrode is an independent predictor of LPFS and OS after RFA
of liver tumors. Although we continue our investigation in terms of defining the best
biomarkers of outcomes after tumor ablation, it seems that Ki-67 is a reliable predictor of
long-term oncologic outcomes, and in particular LPFS and OS after liver tumor RFA.
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FIG. 1.
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LPFS on the basis of the viable tumor or CN status of tissue (yellow line, viable tumor; blue
line, CN). a LPFS for HCC lesions by groups. b LPFS for CRC lesions by groups
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TABLE 1

Demographics of 63 patients with 68 malignant hepatic tumors

Characteristic CN group V group CN and V groups
Age (y), median (range) 64.94 (27-88)  59.67 (45-75) 63.94 (27-88)
Sex, M:F 24:27 75 31:32
Tumor size (cm), mean (range) 2.5 (.6-5.0) 3.4(2.0-5.0) 2.7(.6-5.0)
Tumor type
HCC 17 2 19
Colorectal cancer 20 9 29
Breast cancer 7 0 7
Cholangiocarcinoma 3 0 3
Lung cancer 2 0 2
Neuroendocrine cancer 2 0 2
Ovarian cancer 1 0 1
Retroperitoneal cancer 1 0 1
Duodenal cancer 1 0 1
Round cell tumor 1 0 1
Leiomyosarcoma 0 2 2
Adjuvant chemotherapy 22 8 30
Prior hepatic surgery 16 7 23
Total no. of lesions 55 13 68
Extrahepatic disease (n = 18)&
Lung 6 5 -
Lymph node 4 4 -
Bone 3 2 -
Peritoneum 1 0 -
Total 10/51 (20 %)  8/12 (67 %)  18/63 (29 %)

No. of patients with disease at two sites ~ 4/51 (8 %) 3/12 (25 %) 7/63 (11 %)

a . .
Seven patients had two sites
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Multivariate analysis of factors related to LTP

Factor HR 95% ClI P

All lesions
Size(cm) 125 .89-1.76 .20
Viability 51 24-106 <.001
Lesions <3 cm
Size (cm) .72 .37-14 .33
Viability 51 16-159 <.001
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