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In patients with carcinoma of the head and neck and of the
esophagus, metabolic and functional imaging by PET with 18F-
FDG has a pivotal role in the evaluation of tumor response to
therapy, specifically, in the prediction of progression-free sur-
vival and overall survival. Metabolic imaging allows the detec-
tion of biochemical changes within tumor cells as opposed to
identifiable morphologic changes. Anatomic imaging modalities
do not reliably differentiate between responders and nonre-
sponders early during the course of follow-up. The correlation
between histopathologic tumor response after preoperative
therapy and clinical prognosis is well established for many
cancers. Squamous carcinoma of the head and neck and
esophageal carcinoma demonstrate avid '8F-FDG uptake. For
these cancers, 18F-FDG PET parallels histopathologic findings in
its ability to detect residual viable tumor; therefore, it is a valu-
able tool for the noninvasive assessment of histopathologic
tumor response in advanced-stage cases after neoadjuvant
therapy before surgery. Early determination of nonresponders is
of prime importance, as timely therapy modification can be
accomplished for patients who do not demonstrate a response
to therapy. This determination is exceptionally important for
head and neck and esophageal malignancies, both of which are
known for their unfavorable prognosis, as early modifications in
therapy regimens for nonresponders may improve patient out-
come. There is now evidence that '®F-FDG PET is a sensitive
and specific method for determining therapy response and for
providing important prognostic information for these cancers.
Therefore, 8F-FDG PET may change patient management and
lead to improved survival for a selected group of patients with
carcinoma of the head and neck and of the esophagus.
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The primary goal of cancer treatment is to produce a
complete and sustained remission, which usually is judged
based on changes in tumor volume after therapy accompa-
nied by clinical relief of symptoms. Functional changes,
such as tissue metabolism and physiologic functions, often
predate structural changes in tissues; thus, the identification
of residua viable tumor by anatomic imaging modalities
usualy is difficult, particularly when tumor cells are re-
placed by fibroblasts without significant lossin volume. The
TNM staging system is also an inadequate indicator of
individual responses to various cancer therapies. The extent
of therapy-induced cellular injury in tumors can be deter-
mined with biologic markers as predictors of clinical out-
come. However, approaches that use new cellular markers
to predict the success of neoadjuvant therapy are not well
established, and the literature is still inconsistent.

In carcinoma of the head and neck and of the esophagus,
clinical response evaluation after treatment is restricted by
the lack of noninvasive imaging modalities, which would
allow for valid differentiation of responders from nonre-
sponders. Individual patients display various sensitivities to
treatments as a function of differences in tumor perfusion
and molecular biology. Chemotherapy or combination ther-
apy (chemoradiotherapy) is used to decrease tumor size
before surgery in locally advanced-stage cases to render
subsequent tumor resection feasible for organ-preserving
surgery, in particular, for cases of carcinoma of the head and
neck. These neoadjuvant approaches may result in im-
proved tumor response and complete remission in some
cases. Conversely, for other groups of patients, primary
chemotherapy or radiotherapy (RT) may not demonstrate a
clear benefit for local—regional tumor control and overall
patient survival. Although evaluation of RT is somewhat
different from that of chemotherapy because of the ionizing
effects (1), observed differences in responses to these types
of therapy between various groups of patients with ad-
vanced-stage disease have stimulated research to identify
better predictors for therapy response.
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There is an advantage to assessing therapy response early
during chemotherapy, as early evidence of persistent dis-
ease in both head and neck cancer and esophageal cancer
may provide a basis for innovative interventions for ad-
vanced stages. Early recognition of resistance to chemother-
apy also can result in lower cumulative treatment toxicity
and tumor burden. At present, PET with 8F-FDG can
contribute to the detection of residual or recurrent tumors,
leading to the early ingtitution of salvage therapy or the
prevention of unnecessary biopsies of irradiated tissues,
which may aggravate injury. As a tumor metabolic marker,
18E-FDG PET can help clinicians choose optimal treatments
for individual patients and maximize treatment efficacy in
terms of cure and organ preservation.

In the present review, we have evaluated the role of
18FE-FDG PET in predicting tumor response to therapy and
its prognostic value for squamous cell carcinoma of the
head and neck (HNSCC) and for esophageal carcinoma.

HEAD AND NECK CARCINOMA

Head and neck cancers represent a group that accounts
for approximately 3%-5% of cancersin the adult population
in the United States. The majority of head and neck malig-
nancies are squamous cell carcinomas of the nasopharynx,
oropharynx, oral cavity, and larynx. In patients with early-
stage disease, both radiation and surgery often are curative,
with similar cure rates. In patients with advanced HNSCC,
however, the overall survival rate is about 40%, despite the
evolution and refinement of combination treatments. Only
20% of patients with recurrent disease survive at 1 v,
although this survival rate may change with effective ther-
apy in selected patients (2).

Patient Population to Benefit from Evaluation of
Response to Therapy

Previously Untreated Patients. Early-stage (stages | and
I1) HNSCC can be cured by either surgery or RT. The
“standard” treatment for locally advanced tumor (stages 111
and IV [MQ]) has been surgery followed by RT (3,4).
However, newer therapeutic approaches now are available;
these include neoadjuvant (induction) chemotherapy fol-
lowed by RT or neoadjuvant chemotherapy concurrent with
RT and followed by surgery. The main advantage of neo-
adjuvant chemotherapy is the preservation of organ func-
tion, as downstaging by chemoradiotherapy allows for or-
gan preservation. In a neoadjuvant setting, monitoring the
response to therapy by 8F-FDG PET could lead to signif-
icant changes in patient management by accurately differ-
entiating responders from nonresponders. In responders, the
extent of surgery could be modified, and in nonresponders,
surgical intervention could be avoided.

The rationale of postoperative adjuvant chemoradiother-
apy is to eradicate residual primary tumor and possible
microscopic metastatic sites. 8F-FDG PET does not offer
much clinical benefit in this adjuvant therapy setting for
monitoring the response to therapy. If aprimary tumor is not

completely resected at surgery, a postsurgical pretreatment
BE-FDG PET scan may produce false-positive findings
because of the recent surgical intervention. In these circum-
stances, 8F-FDG PET is not reliable for accurately evalu-
ating residual tumor and the subsequent therapy response.
Furthermore, the resolution of currently available PET sys-
temsis not sufficiently high for the detection of microscopic
residual disease.

Patients with Recurrent Disease. The median survival
time for patients with local or metastatic recurrent HNSCC
is 6 mo (3). Combination chemotherapy regimens, second-
course high-dose RT, and hiologic therapy with cytokines,
retinoids, antiangiogenic agents, and monoclonal antibodies
have been developed in an attempt to improve survival in
this patient population (5). 8F-FDG PET may have arolein
the evaluation of the response to therapy for guiding various
therapy strategies, although its impact may not be as sig-
nificant in patients with recurrent disease as in those under-
going neoadjuvant therapy at initial presentation. However,
if the success of the therapy could be predicted accurately
by 18F-FDG PET, unnecessary morbidity from ineffective
treatment could be avoided for patients who are predicted
not to benefit. Alternatively, for patients showing a good
response to therapy, no further consideration of manage-
ment change would be necessary.

Evaluation of Responses to Chemotherapy and
Combination Therapy

Markers of Response in Head and Neck Cancer. Several
cellular biomarkers provide information on treatment effi-
cacy and survival ratesin advanced HNSCC. These markers
include vascular endothelial growth factor, cell proliferation
index, and control of programmed cell death (bcl-2, p53,
and bax expression) (6). Additionally, a correlation among
glucose transporter protein GLUT-1, tumor hypoxia, and
radioresistance has been reported (6). The role of these
prognostic markers in defining the response to cytotoxic
therapy, however, still remains poorly understood. Hence, a
reliable response predictor for guiding therapy strategy and
maximizing treatment efficacy has yet to be defined.

In the posttherapy setting, 8F-FDG PET provides confir-
matory evidence of residual or recurrent disease. A multi-
tude of studies have demonstrated a clear advantage of
18F-FDG PET imaging over anatomic imaging modalitiesin
monitoring therapy response during or after therapy in
HNSCC (7-19). The “gold standard” for identifying resid-
ual disease in HNSCC after therapy is fine-needle biopsy.
Callins et a. reported a sensitivity of 94% for fine-needle
aspiration biopsy and 18F-FDG PET in patients with sus-
pected recurrence and local metastases of oropharyngesl
carcinoma (14).

Chemotherapy and RT are associated equally with high
morbidity rates; therefore, for individual treatment plan-
ning, it is important to evaluate accurately the effects of
therapy during the follow-up period.

PET AssessMENT oF THERAPY Resronse ¢ Kostakoglu and Goldsmith 57


http://jnm.snmjournals.org/

Downloaded from jnm.snmjournals.org by on March 14, 2017. For personal use only.

Early Prediction of Therapy Response. Early identifica-
tion of the response to therapy may lead to timely alterations
in therapeutic strategy and salvage surgery in locally ad-
vanced HNSCC (Table 1).

Pretherapy 8F-FDG uptake measured as a standardized
uptake value (SUV) may be a useful parameter to identify
patients who require more aggressive treatment. Several
studies have suggested that the degree of pretherapy 18F-
FDG uptake can be used to stratify patients into high- and
low-risk categories (15-18). A recent study by Allal et al.
evaluated pretherapy ®F-FDG uptake as a predictor of local
control and disease-free survival (DFS) after RT with or
without chemotherapy in 63 HNSCC patients (18). Patients
with high tumor 8F-FDG uptake (SUV, >5.5 mg/mL) had
significantly lower 3-y local control (55% vs. 86%) and
DFS (42% vs. 79%) rates than did patients with low uptake
(SUV, =55 mg/mL). In a multivariate analysis, SUV was
found to be an independent predictor of DFS, whereas
tumor size at staging (T category) was of borderline signif-
icance. Although further confirmatory studies are war-
ranted, pretreatment 8F-FDG PET findings may have prog-
nostic implications in determining which patients will show
long-term local control. Nevertheless, prediction of tumor
response based on SUV's usually is impractical and chal-

lenging because of the large overlap between responders
and nonresponders.

Evaluation of the response during therapy is useful as an
early assessment of tumor response. There is, however, a
paucity of 8F-FDG PET data obtained during the course of
therapy in patients with HNSCC (Table 1). Several studies
have shown a correlation between the decline in 8F-FDG
uptake and tumor glucose metabolism during therapy and a
similar sustained trend after therapy (7,12,16,19,20). A
comparison of the various results is difficult, however,
because of differences in methods of analyses (quantitation
with SUVs, quantitation with kinetic models, and qualita-
tive analyses) and the small numbers of patients studied in
most of these investigations.

In astudy by Reisser et a., an obvious therapy response
was revealed by 8F-FDG PET after the first cycle of che-
motherapy in 12 patients with advanced HNSCC (19). The
investigators found a significant decrease in ¥F-FDG up-
take (>10%), a finding that is consistent with low early
remission rates, in only 47% of the cases. The treatment
responses varied in different lymph nodes in the same
patient. This finding is suggestive of tumor heterogeneity,
which is a well-known contributor to tumor treatment re-
sistance. That study lent credence to other studies, but the

TABLE 1

8F-FDG PET Evaluation of Response to Therapy of Carcinoma of Head and Neck

No. of % %
Reference patients Therapy Stage Time of PET Sensitivity Specificity

7 6 RT + chemo 1 During Rx NA NA
15 47 RT + chemo -1V During Rx NA* NA*
19 12 Chemo -1V During Rx NA NA
28 12 RT NS During or at completion of Rx NA NA
8 2ot RT NS Completion of Rx 100 80
18% 86 100
10 22 RT + chemo -1V Completion of Rx NA NA
11 44 RT + chemo -1V Completion of Rx 100 93
12 19 Chemo -1V Completion of Rx NA NA
13 28 Chemo - Completion of Rx 90 83
17 15 RT + chemo -V Completion of Rx NA NA
18 63 RT + chemo -1V Completion of Rx NAS NAS
21 34 RT NS Completion of Rx NA NA
25 20 RT NS Completion of Rx 87 67
22 23l Chemo 11l Completion of Rx 75 86
111 50 75
31 15 RT -1V Completion of Rx NA NA

*Low (<16 pmol/min/100 g) and high (=16 wmol/min/100 g) '8F-FDG metabolic rates were associated with complete remission in 96%

and 62% and with 5-y survival in 72% and 35%, respectively.
TAt 1 mo after completion of RT.
*At 4 mo after completion of RT.

SPatients with high tumor '8F-FDG uptake (SUV, >5.5 mg/mL) had significantly lower 3-y local control (55% vs. 86%) than did those with

low '8F-FDG uptake (SUV, <5 mg/mL).
IPatients who had undergone surgical resection.

fIPatients for whom biopsy specimens of lesion were obtained after chemotherapy.
Chemo = chemotherapy; Rx = therapy; NA = not available, but all of these studies showed various degrees of decrease in '8F-FDG
uptake after therapy in patients with favorable therapy responses; NS = not specified.
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shortcomings in the design of that study were the lack of
long-term follow-up to determine whether complete re-
sponses were sustained and an inadequate number of pa-
tients to derive a firm conclusion.

It is widely known that a decrease in tumor dimension
after therapy is not an accurate predictor of residual viable
tumor. Several studies have indicated that the mean tumor
volume reduction revealed by CT only approaches statisti-
cal significance (12,21). Compared with size changes seen
on CT, a reduction in SUVs is statistically significant in
determining therapy response (12). Dalsaso et al. prospec-
tively evaluated 18F-FDG PET before and after 2 or 3 cycles
of chemotherapy in 19 patientswith stage Il or IV HNSCC.
Three patients who had a mean SUV reduction of 82%
showed a complete pathologic response on biopsy. Not
surprisingly, 16 patients who had an SUV reduction of only
32% were determined to have residua disease after chemo-
therapy (12).

In a larger series, 47 patients with stage |1-1V HNSCC
underwent 18F-FDG PET before and after 1 cycle of che-
motherapy or after RT (median, 24 Gy) to predict therapy
outcome, defined as tumor response, survival, and local—
regional control (16). All patients received RT, and 10
patients also received neoadjuvant chemotherapy. After
therapy, a high (=16 wmol/min/100 g) metabolic rate for
1BF-FDG was associated with complete remission in 62% of
patients; remission occurred in 96% of patients with a low
metabolic rate (<16 pmol/min/100 g). The 5-y overal
survival rates in the groups of patients with low and high
glucose metabolic rates were 72% and 35%, respectively. In
that study, although SUV and metabolic rate for 8F-FDG
produced similar results with respect to therapy response, a
discrepancy between the 2 measures was found with in-
creasing metabolic rate for 8F-FDG and SUV: SUV
showed a poorer association with survival. This observation
indicates that the metabolic rate for 18F-FDG may have a
greater prognostic value than the SUV; however, given the
small size of the patient group, low precision of the esti-
mates also was possible.

Prediction of Therapy Response After Completion of
Treatment. It is aways a challenge to determine the most
optimal period for performing 8F-FDG PET imaging dur-
ing the posttherapy follow-up period (10,12,13,19,21-23).
Itisof greater benefit for a patient to undergo 8F-FDG PET
early during the course of follow-up in the interest of better
patient management (Fig. 1). Immediately after therapy,
however, 8F-FDG PET findings may be associated with
high false-positive results because of the tissue healing
process or false-negative results because of alterations in
1BF-FDG uptake kinetics, particularly when RT is involved.

After chemotherapy, persistent 18F-FDG uptake is a har-
binger of therapy failure (Fig. 2). In one study by Lowe et
al., 28 patients who had stage 111 or IV HNSCC and who
participated in an organ preservation protocol underwent
1BE-FDG PET before and after neoadjuvant chemotherapy
(13). Tissue hiopsy specimens were obtained for all patients

A

FIGURE 1. A 45-y-old man with invasive squamous cell car-
cinoma of left palatine tonsil. (A) Patient underwent '8F-FDG
PET scan simultaneously with CT before initiation of therapy.
Axial PET (middle) image reveals intense '8F-FDG uptake in left
tonsil (vertical arrow) as well as in a left jugular lymph node
(horizontal arrow), consistent with primary disease and local
lymph node metastasis, respectively (locally advanced disease).
Axial CT (left) and PET/CT fusion (right) images confirm these
findings (arrows). Comprehensive examination was obtained by
simultaneous CT and PET/CT, combining anatomic data with
functional or metabolic information. (B) Same patient underwent
8F-FDG PET scan simultaneously with CT 1 mo after comple-
tion of neoadjuvant chemoradiotherapy. Axial PET (middle) and
PET/CT (right) images demonstrate interval resolution of primary
disease in left tonsil and metastatic disease in a left jugular
lymph node, consistent with complete response to therapy. This
patient subsequently underwent surgical resection and has
been disease-free during follow-up period of 6 mo. Although
further follow-up is necessary, '8F-FDG PET was valuable in
determination of complete response to therapy. PET/CT studies
were obtained on a GE Discovery LS unit—a PET/CT fusion
system combining GE LightSpeed multislice CT and Advance
NXi PET (GE Medical Systems).

before and after chemotherapy. The sensitivity and speci-
ficity of posttherapy 8F-FDG PET for detecting residual
disease were 90% and 83%, respectively. Those who
achieved complete remission had a mean reduction in 18F-
FDG uptake of 82%; in comparison, those who had residual
disease after therapy had a reduction of 34%. Two patients
had negative biopsy findings and positive ®F-FDG PET
studies, indicating persistent disease. Although tissue con-
firmation is considered the gold standard for the assessment
of therapy response, biopsy-based methods are expensive,
entail some patient risk, and may yield fal se-negative results
because of sampling errors. 8F-FDG PET may avoid the
risk of sampling errors; however, the accuracy of ¥F-FDG
PET data compared with that of biopsy data should be
confirmed by larger studies.

Perie et al. prospectively evaluated the response to che-
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FIGURE 2. A 50-y-old man with recurrent HNSCC in a cervi-
cal lymph node underwent PET/CT imaging before and after
completion of chemotherapy. (A) Pretherapy axial CT (left) and
PET (right) images reveal intense radiotracer uptake in a right
jugular lymph node (arrow on PET image) in the same anatomic
location as lymphadenopathy seen on corresponding CT image.
(B) Posttherapy axial CT (left) and PET (right) images reveal
persistent 18F-FDG uptake in the corresponding locations (ar-
row), consistent with residual disease and therapy failure. Pa-
tient’s disease subsequently further progressed. PET/CT stud-
ies were obtained on a GE Discovery LS unit—a PET/CT fusion
system combining GE LightSpeed multislice CT and Advance
NXi PET (GE Medical Systems).

motherapy by using coincidenceimaging (dual-head y-cam-
era) for 34 patients with HNSCC (22). For patients who
underwent postchemotherapy surgical resection (n = 23),
the rates of agreement with histopathologic results for re-
sponse to treatment were 74%, 69%, and 78% for panen-
doscopy, CT, and 8F-FDG PET, respectively. For patients
who underwent only biopsy before RT (n = 11), however,
the rates of agreement with histopathologic results for re-
sponse to treatment were 75%, 75%, and 67% for panen-
doscopy, CT, and ‘8F-FDG PET, respectively. After neoad-
juvant chemotherapy, 8F-FDG PET was equivalent to CT
in detecting metastatic cervical lymph nodes, with an accu-
racy of 93%. In that study, posttherapy evaluation of re-
sponse by 8F-FDG PET was inferior to that by CT and
panendoscopy for patients who underwent only biopsy. The
reasons for this finding may be multifactorial and may
include small sample size and tissue sampling errors. Fur-
thermore, in that study, a dual-head coincidence camera
instead of a dedicated full-ring PET system was used. Co-
incidence cameras have one third the sensitivity of dedi-
cated PET systems (24). Given the superior sensitivity of
dedicated PET scanners, these results may have been im-
proved significantly with a dedicated PET system.

In an assessment of combination therapy with 20 patients

who were monitored for a mean follow-up of 11 mo, Con-
essa et al. reported that the best time to perform 8F-FDG
PET is 3-4 mo after therapy (25). In that study, 8F-FDG
PET was performed at 3-6 mo after the completion of
therapy that systematically included RT. Histologic confir-
mation was available for all patients. Among 8 negative
BE-FDG PET studies, only 1 patient developed cervical
lymph node metastasis at 5 mo. In that series, 8F-FDG PET
had a sensitivity of 87% and a specificity of 67% for
detecting residual or recurrent disease. The specificity was
relatively lower because of false-positive cases caused by
posttherapy inflammatory processes.

In a recent study by Sakamato et al., 22 patients with
HNSCC underwent 8F-FDG PET before and 3—4 wk after
the completion of RT or chemotherapy (10). The post-
therapy SUVs were significantly lower than the pretherapy
values (mean, 7.0 vs. 3.8 mg/mL). Not surprisingly, the
reduction in tumor size on concurrent CT or MRI was not
relevant to patient outcome. The mean posttherapy SUVsin
patients showing complete response (complete responders),
partial response (partial responders), and no response were
2.7, 3.6, and 4.5 mg/mL, respectively. Based on the direct
correlation between histopathologic findings and SUVs, it
was recommended that a tumor be assumed to harbor viable
cellsif the posttherapy SUV exceeds 3 mg/mL. Thefindings
of that study were confirmed by data obtained by Kitagawa
et a. (17). In the latter study, it was reported that patients
with posttreatment tumor SUVs of >4 mg/mL would be
more likely to have persistent disease than would those
with SUVs of <4 mg/mL. There was an overlap, however,
for SUVs of about 3 mg/mL between some patients with
and those without viable tumor cells. This overlap may have
been attributable to the relatively early posttherapy period
of assessment, when tissues are still in the process of
recovering from RT-induced inflammatory changes.
Therefore, false-positive findings are more likely to occur
during this early period than during later periods of
assessment (10).

Goerres et al. systematically reviewed the accuracy of
BE-FDG PET in the follow-up of patients with head and
neck cancer and found that the main advantage of 8F-FDG
PET isthe ability to reliably rule out the presence of disease
at restaging (26). In the same context, the impact of 8F-
FDG PET on patient management was evaluated in another
study by use of physician surveys for a conglomerate group
of patients with head and neck, lung, and colorectal carci-
nomas (27). 8F-FDG PET positively affected surgery in
58% of patients, prompted the addition of chemotherapy or
RT in 17%, and eliminated chemotherapy or RT in 8%.
Overall, 18F-FDG PET affected patient management in 70%
of the cases and had some decision-making value in another
26%. Hence, the sensitivity and specificity of 18F-FDG PET
metabolic imaging, when combined with complementary
anatomic imaging techniques, contribute significantly to the
clinical management of cancer patients, including those
with HNSCC. Nonetheless, further confirmatory research is
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needed to link the influence of 8F-FDG PET on patient
management to cost-effectiveness.

Evaluation of Response to RT

Monitoring RT during the course of therapy is more
complex than monitoring chemotherapy because of differ-
ences in the cell-killing mechanisms. lonizing radiation
absorbed by human tissues has enough energy to remove
electrons from the atoms that make up molecules of the
tissue. A molecule disintegrates when the electron that is
shared by the 2 atomsto form amolecular bond is dislodged
by ionizing radiation. The time at which injury occurs is
related to the rate of normal cell proliferation (1). In rapidly
proliferating tissues, such as epithelial surfaces, injury usu-
aly is noted within 3 wk after irradiation. If sufficient cells
survive irradiation, injury will be repaired by cell prolifer-
ation and effective cell repair mechanisms. A reliable tech-
nique for use as aprognostic indicator of responseto RT has
yet to be determined; such a technique may make future
treatments more predictable.

When norma mammalian cells are subjected to stress
signals, such as radiation, chemotherapeutic drugs, and ox-
ygen deficiency, a range of gene products involved in the
sensing and signaling of such stresses are activated. The
response of human cells to ionizing radiation includes the
activation of DNA repair pathways and cell cycle check-
points, with subsequent full biologic recovery or cell death.
Radiation induces 2 modes of cell death, termed mitotic or
clonogenic cell death and apoptosis. There have been recent
major advances in the understanding of the signal transduc-
tion pathways involved in determining the fate of cells after
irradiation. Damage to DNA constitutes the basis of cell
lethality that eventually results in apoptosis or necrosis.

The timing of posttreatment 8F-FDG PET is of prime
importance for accurate response evaluation (8,28). Rege et
al. endeavored to determine the value of 8F-FDG PET in
the prediction of local control and overal surviva for 12
patients who had HNSCC and were undergoing primary RT
(28). All patients underwent 8F-FDG PET scans before,
during, and 6 wk after the completion of RT. Tumors with
a >50% decrease in metabolic activity after RT showed
improved local control. 8F-FDG uptake in the primary
tumor increased early during the course of RT (<20 Gy) but
decreased near the end of therapy (>45 Gy), whereas there
was no significant change in normal structures of the neck
after 6 wk of RT. Tumor 8F-FDG uptake decreased in all
responding cases, but in therapy-refractory tumors, glucose
metabolism increased after 6 wk of treatment. The authors
concluded that persistent uptake on 8F-FDG PET images
obtained 1 mo after RT strongly suggests residual tumor and
that tissue changes immediately after the initiation of RT
may lead to false-positive findings (28).

There is adso a potentia risk that RT may cause false-
negative findings by changing 8F-FDG uptake kinetics.
Greven et a. performed 8F-FDG PET before, 1 mo after
(n = 22), and 4 mo after (n = 18) RT for patients with

HNSCC (8). At 1 mo after therapy, histopathologic findings
revealed residual tumor in 6 patients, al of whom had
positive 8F-FDG PET studies. There were, however, 3
false-negative 8F-FDG PET studies during this evaluation
period. At 4 mo after therapy, 18F-FDG PET studies were
true-positive for all patients with residual tumor revealed by
histopathologic findings. No patient with a negative 18F-
FDG PET study relapsed during this evaluation period.
Thus, it appears that early evaluation—at 1 mo after the
completion of RT—may produce false-negative results. Itis
possible that immediately after RT, the incorporation of
1BE-FDG into tumor cells is decreased regardless of tumor
viability. It was postulated that the radiation-induced
changes in 8F-FDG uptake might have been attributable to
atered cellular glucose transport mechanisms related to
GLUT-1, hexokinase, or vascular damage rather than cell
death (29). It is possible that an F-FDG PET study carried
out after 1 mo but before 4 mo may differentiate responders
from nonresponders when other clinical indicators demon-
strate equivocal results.

In a more recent study, Kunkel et al. reported that
post-RT 18F-FDG uptake predicts survival and local tumor
control (30). The authors analyzed the prognostic signifi-
cance of glucose metabolism after neoadjuvant RT (36 Gy)
immediately before tumor resection. The 3-y survival rates
were 80% in the group with a low SUV (<4 mg/mL) and
43% in the group with a high SUV (=4 mg/mL). A high
18E-FDG uptake was associated with an increased death rate
and local progress even when radical resection was per-
formed. Thus, 8F-FDG PET accurately identifies patients
who have a poor prognosis and for whom radical surgery
must be considered with caution.

A pilot study carried out by Slevin et al. suggested the
superiority of F-FDG PET over MR for 21 patientsin the
post-RT assessment of tumor response (31). Patients had
pretreatment 8F-FDG PET and MRI scans, and these were
repeated after 4 and 8 mo of RT. A discordance of post-
treatment 8F-FDG PET and MRI findings in 1 case indi-
cated a possible role for 8F-FDG PET in the early detection
of tumor recurrence. Nonetheless, the number of patients
should be expanded to extrapolate statistically meaningful
conclusions from these preliminary studies.

False-Positive Results

Radiation and chemotherapy induce diffusely elevated
BFE-FDG accumulation within normal tissues because of
inflammatory changes. Therapy causes an inflammatory or
leukocytic infiltrate that consists of neutrophils, lympho-
cytes, and macrophages as well as proliferating fibroblasts.
After RT, these posttherapy changes are most prominent in
the epithelial surfaces of the oral mucosa, soft palate, para-
nasal sinuses, and palatine tonsils. Additionally, reactive
lymph nodes, tense cervical muscles, and active laryngeal
muscles (attributable to vocalization) may cause false-pos-
itive results. Asymmetric laryngeal muscle activity mimick-
ing a metastatic cervical lymph node may occur because of
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unilateral recurrent laryngeal nerve paralysis (32). Hence,
patients should be instructed not to talk starting 15 min
before and until 15 min after the injection, so that the
muscles involved in speech do not accumulate 8F-FDG.

False-Negative Results

1BF-FDG PET studies performed earlier than 4 mo after
the completion of RT may cause false-negative results (8).
Additionally, 8F-FDG PET imaging can underestimate
metabolic activity in tumorsthat are smaller than 2 timesthe
spatia resolution of the scanner. Thus, tumors smaller than
0.5 cm may not be detected by currently available PET
scanners.

Other PET Radiotracers and Special Considerations for
HNSCC

Tumor Hypoxia. Hypoxic cells are more resistant to RT
than are more highly oxygenated cells and therefore require
up to 3 times as much radiation to experience an equivalent
level of cytotoxicity. Consequently, local—regional tumor
control of locally advanced HNSCC with RT has been
unsatisfactory in part because of the phenomenon of tumor
hypoxia. Hence, it would be useful to evaluate hypoxia
before therapy to predict treatment efficacy and to overcome
inherent hypoxia-induced radioresistance. However, assess-
ing hypoxia in human tumors has proven difficult because
of the lack of noninvasive and reproducible methods. As a
noninvasive hypoxia imaging method, PET has been inves-
tigated with both imidazole- and non-imidazole-based
agents (33,34). The most extensively used radiotracer is
18F-fluoromisonidazole (*8F-FM1S0), which acts as a biore-
ductive molecule and is incorporated into cell constituents
under hypoxic conditions. However, because of unfavorable
pharmacokinetics, such as slow cellular uptake and slow
washout from nonhypoxic tissues, 8F-FMISO has not re-
ceived wide clinical acceptance as a means for measuring
tumor oxygenation. In arecent study, 8F-FMISO was used
to monitor tumor hypoxia after concomitant chemotherapy
and RT in 15 patients with HNSCC (33). The investigators
showed normalization of 8F-FMISO activity after therapy
in responding patients. However, there are no data analyz-
ing the relationship between tumor 8F-FMISO uptake be-
fore therapy and ultimate clinical outcome. The predictive
vaue of baseline 8F-FMISO uptake in human tumors is
unknown (33,34).

A recently developed PET-based hypoxia measurement
technique that uses a %2Cu(l1)-diacetyl-bis[N(4)-methylthio-
semicarbazone] (f2Cu-ATSM) tracer has evoked great in-
terest. $2Cu-ATSM selectively accumulates in hypoxic tis-
sues, where it is reduced, whereas it is cleared rapidly from
nonhypoxic tissues. Chao et al. examined the feasibility of
62Cu-ATSM-guided intensity-modulated RT, which may
deliver a higher dose of radiation to the hypoxic tumor
volume (35). The investigators demonstrated the feasibility
of 82Cu-ATSM-guided intensity-modulated RT by showing
that the dose of radiation to the hypoxic gross tumor volume
could be escalated without compromising normal tissue

protection in HNSCC. The plan delivered 80 Gy in 35
fractions to the 82Cu-ATSM-avid tumor subvolume, and the
gross tumor volume simultaneously received 70 Gy in 35
fractions; more than one half of the parotid gland tissue was
spared. Nonetheless, a pathologic correl ation between %2Cu-
ATSM retention and radiation curability is necessary for
understanding tumor reoxygenation kinetics during a course
of RT before this therapeutic approach can be implemented
for locally advanced HNSCC.

Amino Acid Metabolism. 12C-Methionine (XC-MET) also
has been evaluated as a marker for amino acid metabolism
for monitoring the effects of therapy by PET. The exact
mechanism of uptake is unknown, but factors influencing
uptake probably include membrane amino acid transport,
integrity of the blood—brain barrier, and protein synthesis.
Nuutinen et al. reported that 1!1C-MET uptake significantly
decreased during the first 2-3 wk of RT in HNSCC (36).
When a threshold SUV of 3.1 mg/mL was used, complete
responders could be separated from nonresponders. Unfor-
tunately, it appears that the rates of decrease in 1!C-MET
uptake are similar between relapsing tumors and those that
remain in remission. Thus, the use of 1X'C-MET to predict a
response to RT is somewhat limited and warrants further
investigation.

Angiogenesis. Angiogenesis is a target for the treatment
of cancer, and its complex biology suggests that establish-
ing the appropriate dose and schedule for antiangiogenic
treatment will require extensive studies. A phase 1 dose-
escalating clinical trial of recombinant human endostatin
(rh-Endo) investigated potential surrogates for aresponse to
antiangiogenic therapy. Twenty-five patients were treated
with escalating doses of rh-Endo. PET was used to assess
tumor blood flow (with 50O-H,O) and metabolism (with
BE-FDG) before the start of therapy and then every 4 wk
thereafter (37). Biopsy confirmation was available at 8 wk
to evaluate for endothelial cell or tumor cell apoptosis.
Tumor blood flow and glucose metabolism generaly de-
creased with increasing doses of rh-Endo; however, the
effects were not straightforward. There was no statistically
significant relationship between rh-Endo dose and induction
of tumor cell or endothelial cell apoptosis. These initial
data, however, suggest that rh-Endo has measurable effects
on tumor blood flow and metabolism and induces endothe-
lia cell or tumor cell apoptosis even in the absence of
demonstrable anticancer effects. Further study and valida-
tion of such biomarkers are required for a better understand-
ing of antiangiogenic therapy.

Conclusion

1BFE-FDG PET is a vauable monitoring tool for patients
undergoing preoperative induction chemotherapy and RT
for locally advanced HNSCC. 8F-FDG PET has been re-
ported to provide crucia information by accurately differ-
entiating responders from nonresponders before surgery in
various series. Hence, 8F-FDG PET may change clinical
management after necadjuvant therapy significantly by op-
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timizing surgical treatment for each patient. Additionally,
therapy-associated morbidity can be avoided in patients for
whom therapy will fail. Furthermore, patients at increased
risk of recurrence may benefit from more aggressive therapy
schemes or combined-therapy options early during the
course of disease. Nevertheless, longer follow-up and large
series of patients should be evaluated to establish firmly the
prognostic value of 8F-FDG PET for HNSCC.

ESOPHAGEAL CARCINOMA

Approximately 50% of esophageal cancers are squamous
cell carcinomas. Adenocarcinomas, typicaly arising in Bar-
rett’s syndrome of the esophagus, account for the other 50%
of malignant lesions, and the worldwide incidence of this
histologic finding appears to be rising. The 5y surviva
rates after surgical resection are only 10%-35% (38). De-
spite a significant decrease in surgical mortality rates in
patients with esophageal cancer, long-term survival rates
have not changed dramatically. Recent evidence reveal s that
the addition of neoadjuvant treatment may improve resec-
tion rates, reduce recurrence risk, and thereby improve
survival. Because of the poor prognosis and the risks asso-
ciated with surgical intervention, an accurate assessment of
therapy is essential for optimal treatment planning.

Patient Population to Benefit from Evaluation of
Response to Therapy

Previously Untreated Patients. The benefit of a combi-
nation of neoadjuvant chemotherapy and RT before surgical
resection has been associated with improved DFS and over-
al surviva for patients who have a tumor-free surgical
specimen. The rational e behind such treatment isto improve
the rate of curative resection by tumor downstaging, early
eradication of micrometastases, and an increase in radiosen-
sitivity for patients with locally advanced esophageal cancer
(T3 or T4 status; stage I11). Improved 5-y survival rates
approaching 60% have been reported after complete patho-
logic response with concomitant RT and chemotherapy
(39). 8F-FDG PET is particularly useful for patients under-
going neoadjuvant therapy, as the use of this technique
allows accurate stratification of patients into surgical and
combined-therapy protocols. This aspect is important, be-
cause approximately 50% of patients do not respond to
currently available chemotherapy regimens (40). For pa-
tients who will not show a response to neoadjuvant treat-
ment, the risk of treatment-related morbidity and mortality
can be avoided if 18F-FDG PET can accurately determine
therapy failure. Furthermore, these patients can be placed on
aternative therapies early during the course of disease.

At present, the role of postoperative adjuvant chemora-
diotherapy is undefined, athough it may be beneficial in
patients with positive resection margins. As with HNSCC,
in an adjuvant therapy setting, the role of 8F-FDG PET is
limited to monitoring therapy response.

Patients with Recurrent Disease. Two thirds of patients
have arecurrence within 1y, and in approximately one third
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of patients, the recurrence occurs within the primary surgi-
cal field (Fig. 3) (41). 8F-FDG PET may provide a highly
sensitive and specific means for distinguishing postopera-
tive scar from tumor recurrence in the follow-up period.
1BE-FDG PET also is valuable for further investigation of
abnormal masses seen by other imaging modalities, espe-
cialy in asymptomatic patients. Treatment of recurrent
esophageal cancer may include palliative therapy with any
standard treatment as well as clinical trials of novel thera-
pies. Although evaluation of the response to therapy with
18E-FDG PET isof limited value, it may allow early changes
in the treatment of unresponsive tumors or a discontinuation
of therapy in nonresponding patients.

Evaluation of Responses to Chemotherapy and
Combination Therapy

Markers of Response in Esophageal Cancer. Preopera-
tive chemotherapy in patients with esophageal cancer is
hampered by the lack of reliable predictors of tumor re-
sponse. For squamous cell carcinoma, the cellular response
markers that have been investigated are proliferating cell
nuclear antigen and epidermal growth factor receptors, p53
protein expression, and Ki-67 antigen expression in biopsy
specimens (42,43). For adenocarcinoma, c-erb B-2 protein
expression and posttreatment transforming growth factor «

FIGURE 3. A 62-y-old man with history of locally advanced
adenocarcinoma of distal esophagus after neoadjuvant therapy,
with partial response, determined by outside ®F-FDG PET
study. Patient had undergone esophagectomy and gastric
pull-up surgery and now was referred for '8F-FDG PET scan to
evaluate disease status 6 mo after completion of neoadjuvant
therapy and surgery. Coronal CT (left), PET (middle), and
PET/CT (right) images demonstrate intense '8F-FDG uptake in
midline in midchest, corresponding to tracheobronchial lymph
nodes, consistent with metastatic disease (arrows). Patient’s
disease progressed, and patient died within 3 mo after study.
This study emphasizes that 8F-FDG PET after neoadjuvant
therapy appears to predict prognosis with high accuracy; me-
dian survival time of nonresponders is much shorter than that of
responders. Note postsurgical anatomic changes in right upper
chest secondary to gastric pull-up surgery on CT image (left;
arrowhead). PET/CT studies were obtained on a GE Discovery
LS unit—a PET/CT fusion system combining GE LightSpeed
multislice CT and Advance NXi PET (GE Medical Systems).
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expression have been reported to predict therapy response
and overall survival (44,45). Nevertheless, the role of these
molecular markers is not well established, and the data are
in evolution. Noninvasive markers of tumor response would
evoke great clinical interest.

After therapy, the esophageal wall often appears abnor-
mal regardless of the degree of therapy response. Therefore,
distinguishing residual tumor from therapy-related changes
on anatomic imaging modalities, including CT, MRI, endo-
scopic ultrasound, and endoscopic MRI, usualy is not pos-
sible (39). In this scenario, 8F-FDG PET offers a unique
opportunity to evaluate the effectiveness of preoperative
therapy by visualizing changes in tumor metabolic activity
(Fig. 3).

Early Prediction of Therapy Response. Neoadjuvant ther-
apy has the potential to improve survival; however, re-
sponse rates have not reached expectations. Early evalua-
tion of therapy response may improve therapy efficacy
through accurate differentiation of responders from nonre-
sponders. The results of several studies have indicated that
changes in SUVs observed during treatment correlate
strongly with therapy response and also predict the risk of
local recurrence and overall surviva (Table 2) (46,47). Ina
preliminary study by Couper et a., 14 patients who had
esophageal or gastric cancer and who received combination
therapy underwent 8F-FDG PET before and after 2 or 3
cycles of chemotherapy (46). The 8F-FDG tumor-to-liver
uptake ratios ranged from complete resolution to a 15%
increase. In patients with increased 8F-FDG uptake after
therapy, there was agreement for disease progression among
BE-FDG PET, CT, and clinical assessment. None of the
patients with a reduction of <30% in uptake ratios had CT
evidence of a response, although some of them had im-
provements in dysphagia scores. In the 6 patients with a
reduction of >30% in uptake ratios, CT showed evidence of
a response in only 67% (n = 4). Early clinical follow-up
data confirmed the findings of 8F-FDG PET imaging. The
shortcomings in the design of that study were the small

number of patients and the lack of long-term follow-up data
for most patients. The shortest survival was observed for a
patient who had increased posttherapy tumor 8F-FDG up-
take. Two patients with a reduction in 8F-FDG uptake of
>30% were disease free for more than 15 mo. Hence, the
authors concluded that 8F-FDG PET may play amajor role
in the assessment of a response to neoadjuvant therapy by
allowing better selection of patients for continuation of
treatment (46).

Weber et al. reported that metabolic measurements with
18F-FDG PET allow early differentiation of responders from
nonresponders during preoperative chemotherapy (47). The
authors prospectively monitored 37 consecutive patients
with locally advanced adenocarcinoma of the esophagus
during the course of chemoradiotherapy. The patients un-
derwent 8F-FDG PET studies at baseline and 14 d after the
initiation of cisplatin-based chemotherapy. Clinical re-
sponse, as evidenced by reduction of tumor length and wall
thickness by >50%, was evaluated after 3 mo of therapy
with endoscopy and anatomic imaging modalities. The re-
duction of tumor 8F-FDG uptake after 14 d of therapy for
responding tumors was significantly different from that for
nonresponding tumors (mean, 54% vs. 15%). When a cutoff
value of 35% was applied as a criterion for a metabolic
response, 18F-FDG PET predicted therapy response with a
sensitivity and a specificity of 93% and 95%, respectively.
The mean survival of responders was not reached during the
2-y period, whereas the mean survival for nonresponders
was 13 mo (47).

Prediction of Therapy Response After Completion of
Treatment. Multiple studies have reported that 8F-FDG
PET is a valuable tool for the noninvasive assessment of a
hi stopathol ogic tumor response after the completion of neo-
adjuvant therapy in locally advanced esophageal cancer
(Table 2) (48-52).

The cumulative data indicate that the response assessed
by serial 8F-FDG PET scans after chemoradiotherapy cor-
relates strongly with the pathologic response and survival

TABLE 2
18F-FDG PET Evaluation of Response to Therapy of Carcinoma of Esophagus
No. of % %
Reference patients Therapy Stage Time of PET Sensitivity Specificity

46 14 Chemo -1v During Rx NA* NA*
47 40 Chemo -1V During Rx 93 95
48 26 RT + chemo - Completion of Rx 71 82
49 27 RT + chemo - Completion of Rx 100 55
50 10 Chemo -1V Completion of Rx NAT NAT
52 24 RT + chemo -1V Completion of Rx NA# NA#

*Two patients with >30% posttherapy reduction were disease free for >15 mo.
TAssociation was seen between histologic response and reduction in '8F-FDG uptake.
#Two-year DFS rates after esophagectomy were 67% for patients with >60% decrease in SUV after therapy and 38% for those with

<60% decrease in SUV.
Chemo = chemotherapy; Rx = therapy; NA = not available.
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(48-50). In astudy by Flamen et al., 36 patients with locally
advanced esophageal cancer (clinical T4 stage) but without
organ metastases underwent 8F-FDG PET before and 1 mo
after chemoradiotherapy (48). Patients were classified as
responders when posttherapy 8F-FDG PET demonstrated a
reduction in tumor-to-liver uptake ratios of >80%. The
sensitivity and specificity of serial 18F-FDG PET studies for
therapy response were 71% and 82%, respectively. After
chemoradiotherapy, the median survival times of respond-
ers and nonresponders were 16.3 and 6.4 mo, respectively.
A strong correlation was found between the extent of lymph
node involvement shown by pretherapy 8F-FDG PET and
the rate of a major response. The metabolic response mea-
sured by changes in posttherapy 8F-FDG uptake ratios was
found to be a stronger prognostic factor for overall survival
than was the extent of lymph node involvement determined
by pretherapy 8F-FDG PET.

Changes in SUVs after induction therapy could accu-
rately determine the response to therapy (49,50). In a study
by Brucher et al., histopathologic evaluation revealed fewer
than 10% viable tumor cells in responders when 8F-FDG
PET was performed 3 wk after the completion of neoadju-
vant chemoradiotherapy for squamous cell carcinoma of the
esophagus (49). In responders, 8F-FDG uptake decreased
by 72% = 11% (mean £ SD), whereas in nonresponders,
the decrease was only 42% *+ 22%. At athreshold of a’52%
decrease in the SUV, the sensitivity, specificity, and posi-
tive and negative predictive values for the prediction of
therapy response were 100%, 55%, 72%, and 100%, respec-
tively. Patients determined by 8F-FDG PET criteria to be
nonresponders had significantly worse survival after resec-
tion than did responders. Kato et al. retrospectively assessed
the performance of 8F-FDG PET compared with CT, en-
doscopy, and esophagography for monitoring therapy in
advanced esophageal squamous cell carcinoma (50). As-
sessment of the rate of decrease in the SUV (>50% de-
crease) revealed a partial response in 50% of the patients,
and assessment of the duration of the decrease in 8F-FDG
uptake showed a partial response in 90% of the patients.
Significant associations were observed between histopatho-
logic response and tumor length, SUV after neoadjuvant
therapy, and decrease in ®F-FDG uptake. However, the
histopathol ogic response did not correlate significantly with
the rate of decrease in the SUV for both CT and esopha-
gography.

In further support of these previous data, Downey et al.
recently reported that changes between pre- and posttherapy
SUVs were predictive of DFS and overall survival in pa-
tients who had untreated carcinoma of the distal esophagus
and who were €eligible for induction therapy followed by
resection (52). All patients undergoing esophagectomy after
induction therapy were monitored for a disease-free interval
of at least 24 mo or to recurrence. The median decrease in
the SUV during induction therapy was 59%. After esopha-
gectomy, the 2-y DFS and overall survival rates were 38%
and 63%, respectively, in patients who had a decrease in the

SUV of <60%. The respective values in patients who had a
decreasein the SUV of >60% were 67% and 89%. After the
completion of induction therapy, 8F-FDG PET did not
detect new sites of metastatic disease and did not define
nonresectable local—regiona disease. Thus, the potential
benefit of 18F-FDG PET studies performed after induction
therapy was merely the assessment of the effectiveness of
initial therapy. Patients with small decreases in 8F-FDG
uptake after induction therapy were more likely to have
disease recurrence than were patients with larger changesin
1BE-FDG uptake. Hence, these findings suggest that changes
in 18F-FDG uptake may predict DFS after neoadjuvant ther-
apy. Further evaluations in larger trials are necessary to
assess the role of 8F-FDG PET in predicting survival after
induction therapy.

Evaluation of Response to RT

After neoadjuvant RT, the decline in 8F-FDG uptake can
characterize tumor response; however, differentiating par-
tia responders from complete responders can be difficult
during or immediately after RT because of inflammatory
changes, as described above. Nakamura et al. endeavored to
differentiate nonresponders from complete responders by
using 8F-FDG PET for 12 patients with squamous cell
carcinoma of the esophagus (51). The patients underwent
BE-FDG PET studies before and immediately after RT.
There was a significant difference in the median SUVs
between nonresponders and complete responders (4.1 vs.
2.7 mg/mL). Three of the responders showed local—regional
recurrence after 4, 6, and 18 mo. In the responders, the
SUVswere not significantly different between patients with
local recurrence and the remainder of the patients (51).
These results obtained with squamous cell carcinoma of the
esophagus are in partial agreement with the previously
reported concept that the therapy response may not be a
good predictor of survival for squamous cell carcinoma
(53). After therapy, there is a greater chance for a complete
response in patients with squamous cell carcinoma than in
those with adenocarcinoma; however, the outcome for com-
plete responders with adenocarcinoma appears to be better
(60%) than that for complete responders with squamous cell
carcinoma (40%). Nevertheless, patients with residual
disease had a 5-y survival rate of 10%. These preliminary
results warrant validation in larger trials and, if con-
firmed, several novel treatment strategies may be consid-
ered, including the use 18F-FDG PET to evaluate the effec-
tiveness of induction therapy after only 1 cycle of induction
therapy so that treatment can be atered or discontinued if
necessary (52).

False-Positive Results

Gastric mucosa may demonstrate significant 8F-FDG
uptake, posing potential confusion for tumors of the gastro-
esophageal junction. Various grades of 8F-FDG uptake
may be seen in the normal esophagus, possibly because of
smooth muscle activity or reflux esophagitis. In patients
who have undergone recent RT, 8—12 wk should elapse
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before an 18F-FDG PET study is doneto avoid false-positive
findings of radiation-induced esophagitis. After esopha-
gectomy, a photopenic defect to the right of the medias-
tinum is seen as aresult of the gastric pull-up (stomach is
pulled up into the chest) procedure. Surgery performed 4
wk before scanning may result in false-positive 8F-FDG
uptake in areas of active inflammation. It is best to
evaluate postsurgical patients at least 6 wk after surgery
(54).

False-Negative Results

When disease is located near sites of physiologic uptake
(heart, bladder, kidneys, and liver), 8F-FDG PET should be
complemented by other imaging modalities to minimize
false-negative findings. Because of the limited spatial reso-
lution of PET, lesions smaller than 0.5 cm may be unde-
tectable, particularly in the local-regional lymph nodes,
where sensitivity has been reported to be only 45% because
of overwhelming uptake at the primary site (55).

Other PET Radiotracers for Esophageal Cancer

Recently, a new PET tracer, 1C-choline (1*C-CCH), was
found to be useful for tumor detection. Many cancers,
including esophageal cancer, are characterized by increased
choline influx into the cells to meet the need for the in-
creased synthesis of phosphatidylcholine, which constitutes
the main component of cell membranes. Because tumor
cells duplicate faster than do normal cells, the level of
uptake of 1C-CCH in a tumor represents the rate of tumor
cell duplication. Once phosphorylated, the polar phospho-
choline molecule is trapped within the cells, providing a
potential mechanism for the enhanced accumulation of ra-
diolabeled choline. Although 'C-CCH has not yet been
used as a tool for monitoring therapy, promising results
were reported for the staging of esophageal cancer (54,56).
In arecent study, ¥F-FDG PET was able to detect 100% of
malignant primary esophageal lesions, whereas *C-CCH
PET detected 73%. On the basis of these data, 1*C-CCH
PET appears to be able to visualize esophageal carcinoma
and its metastases but appears to lack the sensitivity of
BFE-FDG PET. These characteristics presumably are the
result of low tumor uptake and considerable nonspecific
background accumulation of 1*C-CCH in the liver, stomach
wall, pancreas, and small intestine (56).

Conclusion

Although studies performed so far lack long-term fol-
low-up data and large patient populations, 8F-FDG PET
imaging appears to be reliable in the evaluation of therapy
response in patients who have locally advanced esophageal
carcinoma and who are undergoing neoadjuvant therapy
before surgery. The decrease in 18F-FDG uptake has been
found to be significantly greater in patients who respond to
therapy than in those who do not respond to therapy. This
important information provided by ¥F-FDG PET may en-
able the accurate differentiation of responders from nonre-
sponders, thereby allowing better selection of patients for

continued therapy. However, the difference in prognosis
between partial responders and complete responders deter-
mined by PET criteria should be investigated in future
studies. As sufficiently long-term follow-up has become
available, it appears that 8F-FDG PET may be able to
estimate the most important endpoints, that is, DFS and
overall survival.

PET/CT FUSION IMAGING AND MONITORING OF
THERAPY RESPONSE

PET/CT fusion imaging, which integrates 2 disparate
imaging modalities, is now gaining momentum toward be-
coming a diagnostic tool for the staging and restaging of
cancer. The primary advantage of PET/CT fusion technol-
ogy is the ability to correlate 2 contemporaneous imaging
modalities for a comprehensive examination that combines
anatomic data with functional or metabolic information.
After therapy, subtle metabolic findings on 8F-FDG PET
that otherwise would have been disregarded may result in
the detection of residual disease after correlation with si-
multaneously acquired morphologic data. Alternatively,
equivocal CT findings, which could represent either recur-
rent tumor or posttherapy fibrosclerosis, now can be distin-
guished with the help of the additional information provided
by 18F-FDG PET data. In addition to patient convenience,
the CT component of fusion imaging can be used for atten-
uation correction of the PET study, a factor that consider-
ably shortens the overall examination time (by ~20 min).

18F-FDG PET has a well-established role in the restaging
of cancer as well as in monitoring the response to therapy,
and PET/CT may extend that role. In the posttherapy set-
ting, PET/CT can improve the accuracy of PET imaging in
distinguishing recurrent disease from benign posttherapy
changes, delineating the anatomic location of metastatic
disease, and monitoring therapy response by solving a myr-
iad of problems inherent in the posttherapy assessment of
cancer.

As PET/CT systems are not yet in widespread use, data
regarding the impact of fusion imaging on posttherapy
patient management are still in evolution. Nevertheless,
preliminary data indicate that PET/CT findings have re-
sulted in accurate staging and improved evaluation of the
response to therapy, in particular, in patients with head and
neck cancer and genitourinary and gastrointestinal malig-
nancies (57,58).

In arecent study, the accurate spatial localization offered
by PET/CT provided a better assessment of the response to
treatment and changed clinical management in up to 30% of
cancer patients (57). PET/CT provides accurate information
about anatomic planes and excludes fal se-positive findings.
There are fewer anatomic landmarks in the neck than in
other parts of the body. Therefore, combining PET with CT
provides crucial information in differentiating physiologic
activity from viable tumor in the cervical muscles, brown fat
at the base of the neck (58), vocal cords, lymphoid tissues,
mucosal surfaces, and salivary glands, as all of these loca-
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tions can demonstrate nonspecific high 8F-FDG uptake. In
patients who have paralysis of the recurrent laryngeal nerve,
unilaterally increased 8F-FDG uptake in the posterior ary-
tenoid muscle in the nonparalyzed vocal cord also can be a
potential source of false-positive findings without the guid-
ance of PET/CT (37).

In conclusion, PET/CT has been reported to increase
diagnostic confidence compared with either PET or CT
imaging aone. Therole of *8F-FDG PET may be significant
in differentiating between benign tissue changes and persis-
tent residual tumor; however, further studies are necessary
to establish its role in the evaluation of the response to

therapy.

SUMMARY

The planning of new and more intensive treatments is
justified for chemosensitive or radiosensitive patients, but
the question remains as to whether this subgroup can be
predetermined before the introduction of unnecessary mor-
bidity associated with therapy. The development of alterna-
tive treatment regimens in clinical oncology has increased
the need for early prediction of cancer therapy outcome. In
advanced HNSCC and esophageal cancer, neoadjuvant ther-
apy has the potential of improving patient survival despite
the reported low response rates in published series. Early
detection of tumor response either during or at completion
of therapy may improve the value of the neoadjuvant ap-
proach by determining which patients can benefit from
therapy. More importantly, detecting patients for whom
therapy will fail means that therapy can be avoided before
the introduction of significant morbidity. Convincing evi-
dence that F-FDG PET can predict ultimate prognosis in
patients with HNSCC or esophageal cancer has been pre-
sented. Nonetheless, data from prospective randomized
studies are needed to define better the role of 8F-FDG PET
in differentiating responders from nonresponders.
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