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18F-FDG PET After Radiofrequency Ablation:
Is Timing Everything?

Monitoring response to cancer
treatment by exploiting changes in tu-
mor glucose metabolism has evolved
as a promising application of 18F-FDG
PET. Conventional anatomic imaging,
such as CT and MRI, often provides
equivocal results when used for assess-
ment of treatment response. It is par-
ticularly difficult with these methods to
identify whether residual masses con-
sist of viable tumor tissue or represent
posttreatment changes. Anatomic im-
aging used to define treatment response
faces an even more difficult challenge
as new treatment approaches are being
evaluated. Generally, new biologic
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therapies are cytostatic rather than
cytotoxic, with tumor shrinkage not
being the primary treatment effect. In
addition, localized tumor therapies
such as microembolization or thermal
ablation often result in persistent ra-
diologic abnormalities.
In this issue of The Journal of

Nuclear Medicine, Okuma et al. (1)
have revealed important information
regarding temporal changes in tissue
18F-FDG uptake after radiofrequency
ablation using an experimental animal
model. Increased 18F-FDG uptake in
tumor tissue decreased to background
levels at 1 d and 1 wk after treatment.

However, a ring-shaped increase in
18F-FDG uptake was observed around
the coagulative necrosis induced by
radiofrequency ablation. The tracer up-
take in surrounding lung tissue reached
a peak between the first and second
weeks after treatment, with the peak up-
take being 4.1 times higher than uptake
in muscle tissue. The ring-shaped in-
crease in 18F-FDG accumulation around
the area of radiofrequency ablation con-
tinuously decreased during follow-up.
By comparing the 18F-FDG PET findings
with histopathologic findings, this study
provides important insights into the un-
derlying biologic changes in ablated
tumor and surrounding tissue that could
guide the timing of 18F-FDG PET after
radiofrequency ablation.

Radiofrequency ablation is increas-
ingly being considered as an alterna-
tive therapy for localized treatment of
solid tumors. The use of this technique
has rapidly evolved over the past few
years, and the technique is being ap-
plied to tumors in different locations,
including liver, kidney, breast, and lung
(2). Radiofrequency ablation systems
comprise a radiofrequency generator,
an active electrode, and dispersive elec-
trodes. The radiofrequency energy is
introduced into the tissue via the active
electrode, and the ions within the tissue
oscillate in an attempt to follow the
change in the direction of the alternat-
ing current. This movement results in
frictional heating of the tissue at tem-
peratures beyond 60�C, which causes
coagulative necrosis surrounding the
electrode. The advantage of such a ther-
mal intervention system is the capacity
to heat tissue to a lethal temperature in
a specific anatomic location with re-
duced surgical trauma, a shorter pro-
cedure time, a shorter hospitalization,
and a faster recovery. In the treatment of

lung nodules, radiofrequency ablation
allows for destruction of lung tumors
with minimal damage to surrounding
normal lung tissue (2).

Determining whether the treatment
was successful is crucial because
incomplete ablation or early recur-
rences could potentially be considered
for repeated ablation. In a small initial
series of 8 patients with primary non–
small cell lung cancer who underwent
radiofrequency ablation followed by
surgery, only 3 patients (37.5%) had
complete ablation (3). In the remain-
ing 5 patients, up to 20% of the treated
areas still contained viable tumor
cells. Most of the incomplete ablations
occurred in tumors larger than 2 cm.
However, in another study, residual
tumor cells were found in the periph-
ery and, in particular, surrounding
bronchovascular areas of even smaller
tumors (4). In 31 patients, complete
necrosis after initial radiofrequency ab-
lation was achieved in only 32 (59%)
of 54 lung neoplasm (5).

These results clearly indicate the
need for accurate noninvasive imaging
techniques to evaluate treatment suc-
cess. Cross-sectional imaging modalities
have difficulty distinguishing residual or
recurrent tumor from changes after
radiofrequency ablation. In an experi-
mental animal swine model with a total
of 72 treated lung regions, the inner
zone was hypointense on T2-weighted
MR images in the acute phase and
showed no contrast enhancement (6).
In contrast, the outer zone was hyper-
intense on T2-weighted images and
showed ringlike contrast enhancement
on T1-weighted images. Although the
lesions became smaller in the chronic
phase, the MRI signal pattern did not
change. Typical features seen on CT
include ground-glass shadows around
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the tumor lesions immediately after radio-
frequency ablation and homogeneous
opacity with no contrast enhancement
in the early phase (4). After 2 mo, most
lesions demonstrate decreased tissue
density and cystic changes, some with
central cavitations. However, tissue
alterations and areas of obstructive
pneumonitis often result in discordance
between the lesion diameter on CT and
histopathology (7). Therefore, these CT
findings do not provide well-defined
criteria as to the success of treatment.
Often, follow-up imaging is necessary
to identify residual or recurrent disease
by an increase in tumor size or changes
in contrast enhancement characteristics
and may significantly delay subsequent
therapy.
Metabolic 18F-FDG PET is ham-

pered by the considerable inflammatory
changes induced by radiofrequency
ablation. Histopathologic specimens
obtained in the early phase in porcine
lung demonstrated a 3-layered compo-
sition of posttreatment changes (7). The
inner layer consisted of coagulative
necrosis and was surrounded by a layer
with hyaline membrane formation in
the inner surfaces of the alveolar walls
as well as alveolar fluid collection and
vascular congestion. The outer layer
exhibited strong vascular congestion
accompanied by hemorrhage, fibrin
deposition, and neutrophilic infiltration.
Three days after radiofrequency abla-
tion, the inflammatory cell infiltration
enhanced, and a further increase was
seen 10 d after treatment. In addition,
granulation tissue rich in collagen fibers
was observed (7). Okuma et al. (1)
found that the neutrophilic infiltration
in the alveoli corresponded to a ring-
shaped increase in 18F-FDG uptake
around the treated area. At 4 wk after
treatment, prominent granulation tissue
dominated the outer layer, with necrosis
seen in the inner layer. Subsequently,
the granulation tissue transformed to
fibrous granulomatous tissue, and a
fibrovascular rim developed around
the treated area. These changes corre-
sponded to a continuous normalization
in 18F-FDG uptake. The ablated lesions
demonstrated gradual resorption in the
chronic phase, and a cavity formed.

As one would expect, the study by
Okuma et al. showed that coagulative
necrosis did not exhibit increased
18F-FDG uptake (1). The challenge
for imaging modalities is to identify
areas of incomplete ablation and early
recurrences from repopulation of re-
sidual microscopic disease. In a small
series, neither 18F-FDG PET nor CT
or MRI was able to identify residual
microscopic disease 2 wk after treat-
ment (4). Given the limitations of met-
abolic 18F-FDG PET, including the
limited spatial resolution, partial-volume
effects for small-volume disease, and
false-positive 18F-FDG uptake in in-
flammatory changes, what does PET
have to offer?

Although some studies indicated
that the full extent of lethal injury
after radiofrequency ablation occurs
within 24–72 h after treatment (8,9),
Okuma et al. (1) have shown a de-
crease in tumor 18F-FDG uptake to the
background level at 1 d after treat-
ment. Inflammatory changes, includ-
ing the migration of inflammatory
cells in tissue surrounding the ablation
zone, is a process that takes several
hours. Therefore, a potential time for
18F-FDG PET to assess treatment re-
sponse might be the same day as the
procedure or within the first 12 h. Of
note, emission data from 1 or 2 bed
positions would be sufficient to reduce
any potential inconvenience to the
patient. Similar conclusions were de-
rived from radiofrequency ablation of
liver tumors (10). Otherwise, a waiting
time of 6–8 wk might be necessary
before 18F-FDG PET can be used
to reliably assess for residual or recur-
rent disease. Coregistered 18F-FDG
PET/CT might have additional bene-
fits for treatment monitoring after
radiofrequency ablation by allowing
detailed comparison of morphologic
posttreatment changes with metabolic
activity, particularly when residual
contrast enhancement is present on CT.
However, respiratory gating might be
necessary to fully exploit the use of
18F-FDG PET/CT (11).

Dual-time-point 18F-FDG PET has
been suggested to allow for better
differentiation between cancer and

inflammatory changes (12,13). Dual-
time-point imaging refers to 2 PET
scans obtained in the same session,
the first at approximately 1 h and the
second at 2 h after 18F-FDG injection.
The underlying hypothesis is that
cancer tissue is characterized by an
increase in 18F-FDG uptake, whereas
inflammatory cells either show no sig-
nificant change or some tracer wash-
out between the first and second scans.
However, Okuma et al. (1) found an
increase in 18F-FDG uptake in inflam-
matory changes at all PET-imaging
times, a characteristic that would not
be of help in distinguishing residual can-
cer tissue from inflammatory changes
after radiofrequency ablation.

With the success of metabolic 18F-
FDG PET, one should not disregard
the large array of molecular imaging
tools that have been developed for
oncology applications over the past
few years. The intracellular accumu-
lation of 18F-fluorothymidine reflects
cell proliferation, and 18F-fluorothy-
midine might be better suited for early
detection of persistent or recurrent
disease than is 18F-FDG. Encouraging
results in experimental animal models
showed no relevant 18F-fluorothymi-
dine uptake in inflammatory lesions
(14), but these findings need to be con-
firmed clinically. PET tracers targeting
angiogenesis (15) might also be suitable
to differentiate between residual tumor
and treatment-induced inflammation.

What did we learn from Okuma
et al. (1)? Assessment of treatment
response with 18F-FDG PET is likely
to be more difficult after radiofre-
quency ablation than in other settings
because of a distinct and prolonged in-
flammatory response after treatment.
Very early 18F-FDG PET, within the
first 12–24 h or 6–8 wk after radiofre-
quency ablation, might be the best
timing. However, it is important to
remember previous experience in
which sufficient evidence from pre-
clinical studies guided decisions in the
clinical setting and yet the results in
humans were different. We are looking
forward to the clinical validation of
18F-FDG PET after radiofrequency ab-
lation. Careful follow-up imaging of

1236 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 47 • No. 8 • August 2006



tumors treated with radiofrequency
ablation and, potentially, comparison
with pretreatment imaging are likely
necessary to differentiate recurrence
from microscopic residual tumor de-
posits, and PET/CT might be the
method of choice for comparing ana-
tomic and metabolic changes.

Norbert Avril
Queen Mary University of London

London, United Kingdom

REFERENCES

1. Okuma T, Matsuoka T, Okamura T, et al. 18F-FDG

small-animal PET for monitoring the therapeutic

effect of CT-guided radiofrequency ablation on

implanted VX2 lung tumors in rabbits. J Nucl

Med. 2006;47:1351–1358.

2. Gandhi NS, Dupuy DE. Image-guided radiofre-

quency ablation as a new treatment option for pa-

tients with lung cancer. Semin Roentgenol. 2005;40:

171–181.

3. Nguyen CL, Scott WJ, Young NA, Rader T, Giles

LR, Goldberg M. Radiofrequency ablation of

primary lung cancer: results from an ablate and

resect pilot study. Chest. 2005;128:3507–3511.

4. Hataji O, Yamakado K, Nakatsuka A, et al.

Radiological and pathological correlation of lung

malignant tumors treated with percutaneous radio-

frequency ablation. Intern Med. 2005;44:865–869.

5. Akeboshi M, Yamakado K, Nakatsuka A, et al.

Percutaneous radiofrequency ablation of lung

neoplasms: initial therapeutic response. J Vasc

Interv Radiol. 2004;15:463–470.

6. Oyama Y, Nakamura K, Matsuoka T, et al. Radio-

frequency ablated lesion in the normal porcine

lung: long-term follow-up with MRI and pathology.

Cardiovasc Intervent Radiol. 2005;28:346–353.

7. Yamamoto A, Nakamura K, Matsuoka T, et al.

Radiofrequency ablation in a porcine lung model:

correlation between CT and histopathologic find-

ings. AJR. 2005;185:1299–1306.

8. Goldberg SN, Gazelle GS, Compton CC, Mueller

PR, McLoud TC. Radio-frequency tissue ablation

of VX2 tumor nodules in the rabbit lung. Acad

Radiol. 1996;3:929–935.

9. Patterson EJ, Scudamore CH, Owen DA, Nagy

AG, Buczkowski AK. Radiofrequency ablation

of porcine liver in vivo: effects of blood flow

and treatment time on lesion size. Ann Surg. 1998;

227:559–565.

10. Veit P, Antoch G, Stergar H, Bockisch A, Forsting

M, Kuehl H. Detection of residual tumor after

radiofrequency ablation of liver metastasis with

dual-modality PET/CT: initial results. Eur Radiol.

2006;16:80–87.

11. Nehmeh SA, Erdi YE, Pan T, et al. Four-

dimensional (4D) PET/CT imaging of the thorax.

Med Phys. 2004;31:3179–3186.

12. Kumar R, Loving VA, Chauhan A, Zhuang H,

Mitchell S, Alavi A. Potential of dual-time-point

imaging to improve breast cancer diagnosis

with (18)F-FDG PET. J Nucl Med. 2005;46:

1819–1824.

13. Matthies A, Hickeson M, Cuchiara A, Alavi A.

Dual time point 18F-FDG PET for the evaluation

of pulmonary nodules. J Nucl Med. 2002;43:

871–875.

14. van Waarde A, Cobben DC, Suurmeijer AJ, et al.

Selectivity of 18F-FLT and 18F-FDG for differen-

tiating tumor from inflammation in a rodent model.

J Nucl Med. 2004;45:695–700.

15. Beer AJ, Haubner R, Goebel M, et al. Biodistribu-

tion and pharmacokinetics of the alphav-beta3-

selective tracer 18F-galacto-RGD in cancer patients.

J Nucl Med. 2005;46:1333–1341.

18F-FDG PET AFTER RADIOFREQUENCY ABLATION • Avril 1237


