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Post radiofrequency ablation assessment of colorectal cancer
liver metastases—does post ablation biopsy really matter?
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Colorectal cancer is the third most common malignancy
in the United States among both men and women and
second leading cause of cancer death in the United States.
There are about 135,000 estimated new cases of colorectal
cancer in 2016 and about 50,000 deaths, however death
rates have fallen by about 2.7% each year over the past
10 years (1). In fact, nearly 50% of patients with colorectal
cancer develop hepatic metastases at some point during the
course of their disease. Patients with untreated colorectal
cancer liver metastases (CLM) have a median survival
time of approximately 5 months with poor 5-year survival
rates. Hepatic resection is the first choice treatment for
the resectable cases and results in long-term survival
for approximately 40% of patients. The perioperative
mortality of hepatectomy is now less than 5%. In highly
selected patients, the 5-year survival rates of hepatectomy is
22-40% (2). Radiofrequency (RF) ablation is a common,
minimally-invasive interventional procedure for treatment
of primary and secondary liver lesions with a low
complication rate of about 1.3-2.2% (3,4). This treatment
modality has been increasingly used in the treatment of
CLM. Although many techniques have been invented to
improve the ablation efficacy, RF ablation for unresectable
CLM has shown wide variability in the reported 5-year
overall survival rates (14-50%) and local tumor recurrent
rate (3.6-60%) (3,5). Local tumor progression (LTP)
and/or recurrence due to factors such as large tumor size
(>3 cm), insufficient margin, irregular lesion contours, and
heterogeneous blood supply, continues to be the primary
cause of treatment failure (6,7).

Early detection of residual or locally recurrent tumor

© Translational Cancer Research. All rights reserved.

tcr.amegroups.com

after RF ablation is critical and can facilitate successful
retreatment at an early stage. The International Working
Group on Image-Guided Tumor Ablation recommended
a baseline study that may perform in the first week or,
at the latest, no more than 4 weeks after RF ablation.
Subsequent routine follow-ups are then recommended
every 3 to 4 months thereafter (8). Early re-intervention
is needed to achieve optimal primary tumor ablation
success. Contrast-enhanced computed tomography (CT)
and magnetic resonance imaging (MRI) are currently used
to evaluate RF ablation efficacy. Pathologic studies have
shown that the best correlation of necrotic tissue is defined
by the zone of non-enhancement on cross-sectional studies.
Ultrasound (US) is arguably the simplest, most widely
available, and cost-effective. Recently, contrast enhanced
ultrasound (CEUS) was tested in the planning, guiding and
post-ablation assessment of RF ablation. Results indicate
that CEUS is able to not only monitor the procedure in real
time but also accurately show the treatment response at the
end of the procedure, and performs equally to CT and MRI
in the detection of tumor recurrence post RF ablation (9).
Pathologic cell viability studies have shown that it needs
at least 48 hours for the RF ablated tissue to undergo
complete coagulation (10,11). Therefore, contrast enhanced
imaging follow-up should be performed after 48 hours to
accurately evaluate the coagulation zone. However, CEUS
may also accurately evaluate the area of coagulation as early
as 2 hours after ablation, as evaluated in a prior study (10).
Overall, follow-up imaging after thermal ablation
interventions using primarily anatomic imaging

procedures, such as CT or MRI, has been challenging.
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The accuracy of assessment is often limited because
of the presence of an ablation-induced hyperemic rim
around the margin of ablated tissue which appears as
early as 10-12 min after treatment and remains for
2-6 months (12). Previous clinical imaging and pathology
correlation studies showed that this inflammatory rim
presents benign periablational enhancement (BPE),
usually uniform in thickness. In contrast, viable residual
or recurrent tumor showed focal irregular peripheral
enhancement on contrast enhanced CT or MR images
(13,14). However, it is difficult to detect viable tumor in
early stage solely based on these morphological findings.
Dromain et 4l. (15) reported that CT and MR imaging may
at earliest depict tumor recurrence at 4 months after RF
ablation since the peripheral rim disappeared with time
and was present in only 8% of the RF-ablated areas at this
time point. The overall sensitivity to detect residual tumor
after RF ablation when assessed with CT or MRI ranges
between 44% and 89% (15,16). Since early detection of
residual tumor allows initiation of additional treatment with
potential benefits for patient survival (17-19), improved
or novel imaging methods are needed for early detection
of residual tumor and accurate follow-up of local tumor
ablation.

Functional imaging was used in the differentiation
of local tumor regression from BPE. Fluorine 18
fluorodeoxyglucose (FDG) positron emission tomography
(PET) is a functional imaging modality that can be used
to study the effects and efficacy of RF ablation. FDG-
avid tumor becomes completely photopenic immediately
after complete ablation. Focal areas of increased FDG
uptake within the ablated zone are suggestive of residual
disease. Reactive tissue changes in the periphery of the
ablated lesion show a uniform low-grade FDG uptake,
while residual tumor appears focal, nodular intense uptake.
Several articles reported that PET/CT demonstrated good
sensitivity in detection of early tumor recurrence after RF
ablation compared with CT alone. To decrease the false
positive rate induced by inflammatory response to the
ablation, Khandani ez #/. did a pilot study to perform PET/
CT within 2 days after RF ablation (20). They found that
there is infrequent inflammatory uptake at the RF ablation
site of liver metastases on 18F-FDG PET if scanning is
performed within 2 days after ablation. They concluded
that early PET has the potential to evaluate the efficacy of
an RF ablation procedure by indicating macroscopic tumor-
free margin as total photopenia and macroscopic residual
tumor as focal uptake. However, how PET/CT should
be incorporated into the routine postablation follow-up
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imaging algorithm remains unclear.

Perfusion imaging has been used in early differentiation
residual tumor from BPE in animal study. Using a rat
subcutaneous tumor model, our group analyzed the
perfusion of CEUS first-pass dynamic enhancement (FPDE)
and microflow imaging (MFI) in residual tumor and BPE
region before ablation and immediately, 1, 4 and 7 days
after ablation. We found that blood volume in BPE was
significantly higher than that in residual tumor in both
FPDE imaging and MFI on days 0, 4 and 7 after ablation.
Significantly greater blood flow was seen in BPE compared
with residual tumor tissue in FPDE on day 7 and in MFI
on day 4 (21). Furthermore, research has shown that tumor
vessels are immature, lack normal smooth muscle and
pericyte structure, and do not react to vasoactive drugs. The
perfusion in BPE inflammatory tissue and viable residual
tumor surrounding an ablated zone would change differently
in response to vasoactive drugs. Using a subcutaneous
tumor model and CT perfusion, our group found that
phenylephrine markedly decreased blood flow in the BPE
of ablated tumor but had little effect on the untreated viable
tumor on days 2, 7 and 14 post RF ablation (22). Our study
implies that perfusion imaging has the potential in early
differentiation of residual tumor from BPE.

The presence of residual viable tumor has been proved
to be related with local recurrence. Although more
advanced imaging has been developed and is being used in
post-ablation assessment, imaging is still not as accurate
as pathology. Sofocleous et a/. (23) studied the relation of
histopathologic features of tissue adherent to electrodes
after RF ablation of 68 liver tumors less than Scm in size.
Histopathological analysis of the tissue specimen adherent
to RF electrodes revealed that 55 of 68 (81%) specimens
demonstrated coagulation necrosis. However, on the first
post—RF ablation contrast-enhanced CT scan (25-42 days
post procedure), successful treatment (no enhancement)
was suggested in 64 of 68 (94%) ablated tumors. In the
viable group, local tumor progression (LTP) occurred in
12 of the 13 (92%) specimens; however, in coagulation
necrosis group, UTP occurred in 16 of 55 (29%) specimens.
The 1-year LTP-free rates were 0% and 74%, respectively
(P<0.001). This indicated that contrast-enhanced imaging
overestimates the treatment efficacy and possesses a false
negative rate of about 13%, and the presence of viable
tumor of the tissue attached to the ablation electrode highly
predicts LTP.

Furthermore, in a recent published paper, Sotirchos
et al. not only analyzed the pathology findings of the tissues
attached to the RF ablation electrode, but also performed the
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image-guided biopsy immediately after each RF ablation (24).
They treated 67 CLM in the liver with RF ablation.
The mean tumor size was 2.1 cm (range 0.6-4.3 cm).
Tissue adherent to the RF electrode was present in 35 of
67 ablations. Biopsy tissue samples were obtained from
the center of all of 67 ablated tumors and the margin of 61
of 67 ablated tumors. 24 tissue samples from 16 (24%) of
67 ablation zones were classified as viable tumor. Among
them, 3 were from ablation electrodes, 12 were from ablated
center, and 9 from the margin of the ablation zone. This
indicated that biopsy can reveal more viable residual tumor
cells compared to the tissue sample attached to the electrode
alone. After a median follow-up period of 29 months, LTP
occurred in 11 (69%) of 16 lesions classified as viable and
in 10 (20%) of 51 lesions classified as necrotic (P<0.001).
Interestingly, no significant correlation existed between
the biopsy site (center versus margin) and the presence of
tumor cells. Univariate analysis in this study showed that
PET/CT ablation guidance was not a significant predictor
of time to LTP. Multivariate analysis showed that a positive
post ablation biopsy (hazard ratio =3.4; P=0.008) and a
minimal ablation margin size (<5 mm) (hazard ration 6.7;
P<0001) were independent predictors of shorter time to
LTP. This study further confirmed that viable tumor may be
present within the ablation zone, even when post ablation
imaging displays sufficient ablation margins, and therefore
pathologic assessment of tissue is an objective tool to assess
ablation effectiveness. They also concluded that a minimum
ablation margin of 5 mm and RO surgical resections for
CLM have comparable time to I'TP outcomes.

The utilization of biopsy in the post ablation assessment
is still challenging. First, it is an additional invasive
procedure which increases the risk of complication. Second,
there is an inherent disadvantage of a sampling error with
the ablation zone. Third, in the absence of experienced
tumor pathologists, routine standard hematoxylin-eosin
staining is not sensitive and accurate to evaluate viable
tumor immediately after ablation, due to no presence of the
classic manifestations of coagulative necrosis in specimens
obtained immediately after ablation (14). More advanced
immunohistochemistry staining, such as Ki-67 (proliferative
potential marker), OxPhos antibody (mitochondrial viability
marker) are needed (24,25). This also has additional cost
burden.

In summary, post-ablation assessment of liver tumor
RF ablation remains challenging. While traditional cross-
sectional and metabolic imaging have shown significant
potential in predicting recurrence, there is a concern for
underestimation of residual disease. Although post ablation
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tissue sampling is invasive and costly at this time, it appears
to provide an objective and more accurate assessment of
residual viable tumor. Whether it will be incorporated into
routine practice by interventional radiologists will depend
on various different factors, including technical advances
in ablation techniques to improve ablation margins and
advances in functional and perfusion imaging techniques for
early detection of residual malignancies.
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