ISF.FDG PET and '*F-FDG PET/CT for
Assessing Response to Therapy in Esophageal

Cancer

Bernd J. Krause!, Ken Herrmann!, Hinrich Wieder?, and Christian Meyer zum Biischenfelde?

!Department of Nuclear Medicine, Technische Universitit Miinchen, Munich, Germany; *Department of Radiology, Technische
Universitdt Miinchen, Munich, Germany, and >Department of Internal Medicine, Technische Universitct Miinchen, Munich,

Germany

In patients with locally advanced esophageal cancer, preopera-
tive chemotherapy or chemoradiotherapy has been shown to im-
prove outcome with respect to survival. Patients who respond to
induction therapy have a significantly improved survival, com-
pared with patients who do not respond to the therapy. However,
surrogate markers that predict response or prognosis—especially
early in the course of therapy—are not available in clinical rou-
tine. In patients with esophageal cancer, PET with the glucose
analog '8F-FDG can be used for assessing response to therapy.
Therapy response can be assessed with "8F-FDG PET and 18F-
FDG PET/CT late, that is, after completion of therapy, and early
in the course of therapy. In adenocarcinomas of the esophago-
gastric junction, '8F-FDG has been established and validated in
several studies as a surrogate marker that allows prediction of re-
sponse and prognosis, whereas in other studies '8F-FDG PET was
not predictive of response and prognosis. The MUNICON study
was an initial unicenter trial showing that a PET-guided treatment
algorithm was feasible in patients with adenocarcinomas of the
esophagogastric junction. The results of this study are important
toward individualization of multimodal treatment. The use of '8F-
FDG PET and PET/CT for therapy monitoring in esophageal can-
cer is the subject of intense discussion, underlining the need for
randomized multicenter studies. From a methodologic point of
view, the most important issue in therapy monitoring using 18F-
FDG PET and PET/CT is the standardization of patient preparation,
data acquisition and processing, and data interpretation, espe-
cially for prospective randomized multicenter studies. In conclu-
sion, single-center studies investigating response assessment in
patients with esophageal cancer have provided promising results.
In the future, prospective randomized multicenter trials will have to
be performed and research will address new imaging probes and
innovative therapy regimens.
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THERAPY RESPONSE IN EsoPHAGEAL CANCER ¢ Krause et al.

Esophageal cancer is among the 10 most common
malignancies worldwide and is associated with a high
mortality (/,2). Carcinomas of the esophagus represent a
heterogeneous group of tumors with respect to epidemiology,
etiology, and histopathology (3). Squamous cell carcinoma
(SCC) occurs most frequently in the upper two thirds of
the esophagus, with alcohol and smoking being the main
risk factors. In the lower third of the esophagus and the
esophagogastric junction, adenocarcinoma is more preva-
lent, and reflux and obesity are the most important risk
factors. Adenocarcinoma originates from metaplastic epi-
thelial cells in the esophagogastric junction that transform
into an intestinal-type mucosal layer through irritation by
gastric juice. Over the last few decades, the incidence and
prevalence of esophageal adenocarcinoma have increased,
and esophageal adenocarcinoma occurs increasingly more
often than does SSC (4). Often, the tumors are locally
advanced at the time of initial diagnosis because symptoms
do not appear until late (T3-T4, N+, or M1). Preoperative
assessment of prognostic factors is important in clinical
management of the patients. Relevant pretherapeutic prog-
nostic factors are local tumor invasion, locoregional lymph
node stage, and distant metastases. Endoscopic ultrasound
and CT represent the most widely used imaging modalities
for the assessment of local tumor invasion and locoregional
lymph node involvement. Locoregional lymph node stage is
a strong prognostic factor: the number of lymph nodes, the
location, and the size are strong predictors of survival.
Noninvasive lymph node staging with conventional imaging
modalities is rather limited. The sensitivity and specificity
vary significantly among different studies and depend—
among other factors—on the criteria used for the classifica-
tion of regional lymph node involvement.

Precise pretherapeutic staging is important in choosing
the best available therapy for the patient. It is crucial to be
able to differentiate patients with locoregional disease from
patients with systemic disease. In systemic disease, there is
no curative option and the patients will receive palliative
treatment (metastases in the celiac lymph nodes (M1a) are
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considered distant for tumors of the lower thoracic esoph-
agus; metastases in the cervical lymph nodes are considered
distant for tumors of the upper thoracic esophagus). There-
fore, distant metastases have to be ruled out before initiation
of therapy. '8F-FDG PET has a sensitivity and specificity of
67% (95% CI, 58% —76%) and 97% (95% CI, 90% —100%),
respectively, in M staging of esophageal cancer (5).

After exclusion of distant metastases, the selection of the
therapeutic regimen depends on the T stage. Localized
tumors (T1/T2) have a high likelihood of RO resection, and
primary esophagectomy represents the most frequent ther-
apeutic procedure.

In cases of locally advanced tumors (T3/T4, N+), surgery
remains the mainstay of therapy, but evidence is growing that
preoperative chemotherapy or chemoradiotherapy improves
survival in patients with esophageal cancer (6-8). In a
metaanalysis, Gebski et al. (7) showed that the hazard ratio
for all-cause mortality with neoadjuvant chemoradiotherapy
alone was 0.81 (95% confidence interval, 0.70-0.93; P =
0.002), corresponding to a 13% absolute difference in
survival at 2 y (with similar results for SCC and adenocar-
cinoma). The hazard ratio for neoadjuvant chemotherapy
was 0.90 (95% confidence interval, 0.81-1.00; P = 0.05),
which is equivalent to a survival benefit of 7% (but no effect
for SCC) (7). However, the metaanalysis by Gebski et al. was
based on the results of numerous phase II and underpowered
phase Il clinical trials. In several recent studies, neoadjuvant
chemoradiotherapy but not neoadjuvant chemotherapy has
been shown to significantly improve overall survival in SCC
(9-13). Nevertheless, chemoradiotherapy is a commonly
used therapeutic approach for patients with SCC. In contrast,
neoadjuvant chemotherapy is now widely accepted as a
standard therapy in the treatment of locally advanced ade-
nocarcinoma of the esophagus and esophagogastric junction
(6-8). The rationale for neoadjuvant treatment might be a
preoperative downsizing resulting in a higher RO resection
rate. Overall, the evidence to support downsizing is conflict-
ing. Indeed, the Fédération Francophone de Cancérologie
Digestive trial did show a significantly higher RO resection
rate after neoadjuvant chemotherapy (/4). However, other
trials, although positive for neoadjuvant chemotherapy, did
not show a significantly higher RO resection rate.

Neoadjuvant chemoradiotherapy for adenocarcinoma of
the esophagus improves overall survival. In the metaanalysis
by Gebski et al. (7), a similar survival benefit for neoadjuvant
chemoradiotherapy and neoadjuvant chemotherapy was
reported. Stahl et al. (/5) observed a significantly higher
response rate to neoadjuvant chemoradiotherapy than to neo-
adjuvant chemotherapy alone. However, the higher response
to neoadjuvant chemoradiotherapy was accompanied by an
increase of more than 10% in postoperative mortality.

Taken together, converging evidence reveals that patients
undergoing neoadjuvant treatment and showing an objec-
tive tumor response have a better prognosis for survival
than do those undergoing surgery alone. However, only
40%—50% of the patients respond to therapy. As a conse-
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quence, the patients who do not respond to therapy, may be
compromised by toxic side effects and the delay caused by
ineffective chemotherapy or chemoradiotherapy, and po-
tentially have even biologically more aggressive tumors.
Therefore, it is desirable to have a diagnostic test that
allows noninvasive prediction of response so that re-
sponders can be differentiated from nonresponders early
in the course of treatment, potentially enabling individual-
ization of—that is, a change in—therapy in the nonrespond-
ing patients. No pretherapeutically available molecular
markers predicting response or prognosis are available for
esophageal cancer so far.

I8F_FDG PET has shown promising results in assessing
response to therapy and tumor control and in prognosis (/6—
18). Among these, assessment of early response to therapy
has gained importance because it implies clinical conse-
quences in the diagnostic management of patients. So far,
almost all published studies on assessing therapy response in
esophageal cancer have been performed with '8F-FDG PET.
With the advent of PET/CT, which allows one to combine the
structural information provided by helical CT with molecular
imaging by PET, an almost simultaneous assessment of
tumor morphology and metabolism over time has become
possible (/7). Changes in regional tumor metabolism may
precede changes detectable by structural imaging (1/9).
Moreover, PET/CT, by combining volumetric and metabolic
measurements, may be even more accurate for assessing
histopathologic tumor response in patients with advanced
esophageal cancer. In general, '8F-FDG PET and '®F-FDG
PET/CT studies to assess the response to therapy can be
divided into 2 groups.

First, tumor response can be assessed after the completion
of therapy. In this case, residual '8F-FDG uptake after
therapy or changes in '8F-FDG uptake between the initial
PET/CT scan and the posttherapy scan are correlated to
postoperative histopathologic response, patient survival, or
both. '8F-FDG uptake in patients responding to therapy
should decrease to the background level, and residual '8F-
FDG accumulation indicates viable tumor tissue in most
cases. It is not necessary to perform a quantitative analysis.

Second, tumor response can be assessed early in the
course of therapy (i.e., chemotherapy or chemoradiother-
apy). '8F-FDG PET/CT will then take place before therapy,
and a second scan is performed 2-4 wk after initiation of
the first therapy cycle (often within the first cycle). Changes
in '8F-FDG uptake between the pretherapeutic scan and the
early follow-up scan are used to predict histopathologic
response, and patient survival. The standardized uptake
value is the most widely used '8F-FDG PET parameter, and
in most studies, relative changes (%) are calculated to
quantify metabolic response. Early in the course of treat-
ment, metabolic activity in the tumor tissue most probably
will have decreased in responders, but at the time of the
second scan there will still be a considerable number of
viable tumor cells, resulting in still significant '®F-FDG
uptake.
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ASSESSMENT OF RESPONSE LATE IN THERAPY

Several studies have evaluated the role of '®F-FDG PET
in assessing response after completion of chemotherapy
and chemoradiotherapy in patients with SCC and adeno-
carcinoma of the esophagus (Table 1).

Briicher et al. (20) published results on 27 patients with
SCC of the esophagus who underwent '8F-FDG PET before
and after chemoradiotherapy. A threshold of 52% mean
standardized uptake value (SUV) not only was a strong
prognostic factor but also differentiated histopathologic
responders from nonresponders with a sensitivity of 100%
and a specificity of 55%. The authors showed that patients
with a mean SUV decrease of less than 52% had a signifi-
cantly shorter median survival than did patients with a
maximum SUV decrease of more than 52% (8.8 mo vs.
22.5 mo, P < 0.0001). Flamen et al. (2/) showed in 36
patients with esophageal cancer (27 cases of SCC and 9 of
adenocarcinoma) that a decrease of more than 80% in the
tumor-to-liver uptake ratio 3—4 wk after completion of
neoadjuvant chemoradiotherapy predicted response with a
sensitivity of 71% and a specificity of 82%. In a study by
Downey et al. (22), 17 patients with esophageal cancer (14
cases of adenocarcinoma and 3 of SCC) underwent sequen-
tial '8F-FDG PET. The authors used a threshold of 60% for
decrease in maximum SUYV after the completion of chemo-
radiotherapy. A maximum SUV reduction of more than 60%
was correlated with better 2-y disease-free survival (67% vs.
38%, P = 0.055). Swisher et al. (23) published results on 103
patients with histologically diagnosed adenocarcinoma (n =
90) and SCC (n = 13) and assessed the prognostic relevance
of the '8F-FDG uptake after completion of neoadjuvant
chemoradiotherapy. An SUV of 4 or more was the best
predictor of long-term survival (P = 0.04; hazard ratio, 3.5).
The 18-mo survival of patients with a postchemoradiother-
apy SUV of 4 or more was 34%, compared with 77% for

patients with an SUV of less than 4 (P = 0.01). The accuracy
in predicting histopathologic nonresponse was 76%, and the
corresponding sensitivity and specificity were 62% and 84%,
respectively. However, the authors also demonstrated that
PET failed to rule out residual microscopic disease, because
I8F-FDG uptake in the tumor bed was not different between
patients with no residual viable tumor cells and patients with
up to 10% viable tumor cells. In another study, by Cerfolio
et al. (24), 48 patients with esophageal cancer (41 cases of
adenocarcinoma and 7 of SCC) underwent '8F-FDG PET/CT
before and 3-4 wk after neoadjuvant chemoradiotherapy.
IBF_.FDG PET/CT predicted a complete response with a
sensitivity of 87%, a specificity of 88%, and an accuracy of
88%. The authors compared '8F-FDG PET/CT, endoscopic
ultrasound with fine-needle aspiration, and CT for predicting
complete responders and concluded that, on the basis of their
findings, '8F-FDG PET/CT was more accurate than endo-
scopic ultrasound with fine-needle aspiration (sensitivity,
20%; specificity, 94%; accuracy, 70%) and CT (sensitivity,
27%; specificity, 91%; accuracy, 71%). A study by Kim et al.
included 62 patients with esophageal cancer for '®F-FDG
PET assessment of late response to therapy (25). Complete
metabolic response (reduction of maximum SUV > 80%)
after completion of preoperative chemoradiotherapy corre-
lated significantly with histopathologic response and pre-
dicted long-term outcome. Multivariate analysis revealed
that complete metabolic response was significantly associ-
ated with better disease-free survival and overall survival
(P = 0.006 and P = 0.033, respectively). Port et al. investi-
gated the ability of '8F-FDG PET to predict clinical response,
pathologic response, and survival in 62 patients with esoph-
ageal cancer (51 cases of adenocarcinoma and 11 of SCC)
who were undergoing preoperative chemotherapy (26). Pa-
tients with a 50% or greater reduction in the maximum SUV
of their primary tumor had significantly better disease-free

TABLE 1. '8F-FDG PET and '8F-FDG PET/CT in Assessment of Response After Completion of Therapy for
Esophageal Cancer

Criteria for Outcome
Tumor type Authors Year n response on PET measure Design Hazard ratio P

SCC Briicher et al. (20) 2001 27 52% mean Median overall Prospective NL <0.0001
SUV decrease survival

SCC and AEG Flamen et al. (27) 2002 36 >80% decrease of Median overall Prospective NL 0.005
tumor-to-liver survival
uptake ratio

SCC and AEG Downey et al. (22) 2003 17 60% maximum 2-y disease-free Prospective NL 0.055
SUV decrease survival

SCC Kim et al. (25) 2007 62 80% maximum Disease-free Prospective 0.25 0.025
SUV decrease survival

SCC and AEG Port et al. (26) 2007 62 50% maximum Survival Retrospective 2.40 0.048
SUV decrease

SCC and AEG Swisher et al. (23) 2004 103 SUV >4 Overall survival  Retrospective 3.50 0.04

SCC and AEG Cerfolio et al. (24) 2005 48 Median percentage Prediction of Prospective NA 0.03

decrease of
maximum SUV

downstaging

NL = not listed; AEG = adenocarcinomas of esophagogastric junction; NA = not applicable.
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survival than did patients with a less than 50% reduction in
maximum SUV (median disease-free survival, 35.5 mo vs.
17.9 mo, respectively; P = 0.03). However, the authors also
provided evidence that a complete absence of residual '8F-
FDG uptake is not necessarily associated with a complete
pathologic response. In a study published by Smithers et al.
on 45 patients with adenocarcinoma of the esophagus, '3F-
FDG PET was performed before treatment and 3—6 wk after
completion of platinum-based chemotherapy (27). The au-
thors found no correlation between the '8F-FDG PET re-
sponse and the histopathologic response in their study cohort.
Taken together, most studies assessing late response to
therapy for esophageal cancer have shown that the '®F-FDG
PET signal after neoadjuvant therapy correlates with histo-
pathologic response and long-term prognosis. However, the
main drawback of late assessment is that it does not allow the
therapy to be modified for patients not responding to it. One
might speculate whether patients benefit from a change in
therapy after a late response assessment. However, clinical
trials are necessary to answer the question of whether further
neoadjuvant or adjuvant chemotherapy or chemoradiation
for '8F-FDG PET nonresponders improves the clinical out-
come. So far, late response assessment has been able to give
information only on the prognosis of patients. However, for
locally advanced adenocarcinomas, surgery remains the
mainstay of treatment. Consequently, the additional infor-
mation provided by a late assessment is limited, especially as
the histopathologic response will be known soon after PET.
Therefore, an early assessment of response to therapy by PET
with 18F-FDG has been proposed—but is not yet established
in clinical routine—as a surrogate marker for predicting
response and potentially allows a change in therapy early.

ASSESSMENT OF RESPONSE EARLY IN THERAPY

In esophageal cancer, several studies have used '8F-FDG
PET to assess response to therapy early in the course of
disease (Table 2).

Weber et al. performed an initial study to monitor response
to treatment with '8F-FDG PET early in the course of therapy
in 40 patients (37 patients evaluable for therapy response
assessment) with locally advanced adenocarcinoma of the
esophagogastric junction (28). '8F-FDG PET was performed
before the initiation of preoperative therapy and was repeated
on day 14 of the first chemotherapy cycle. For the quantitative
assessment of therapy response, a circular region of interest
(diameter, 1.5 cm) was placed over the tumor in the slice with
the maximum SUYV in the baseline scan. In the second PET
scan, the region of interest was placed at the same position
as in the baseline study. The resected specimens were anal-
yzed histopathologically. Tumor regression was assessed
semiquantitatively according to a published scoring system
from Becker et al. (29). All patients with less than 10%
residual tumor cells (regression score, grade 1) were classi-
fied as responding. All other patients were classified as
nonresponding.

The authors showed that '8F-FDG PET allowed prediction
of histopathologic response by metabolic response assess-
ment as early as 2 wk after the initiation of platin-based che-
motherapy. They established a metabolic threshold—defined
as areduction of more than 35% in baseline mean SUV—that
allowed the prediction of clinical response with a sensitivity
and specificity of 93% and 95%, respectively. The mean
(£SD) '8F-FDG uptake (SUV) at baseline was 17.9 * 8.1.
Metabolic response was associated with a significantly lon-
ger time to progression (P = 0.01) and significantly longer
overall survival (P = 0.04). Figures 1 and 2 show PET images
for a metabolic nonresponder and a metabolic responder.

Wieder et al. used '8F-FDG PET to assess early response to
chemoradiotherapy in 27 (23 underwent surgery) patients
with SCC of the esophagus (30). Early metabolic response—
defined as a reduction of more than 30% in baseline SUV—
predicted histopathologic response with a sensitivity and
specificity of 93% and 88%, respectively. Early changes in
metabolic activity using this threshold were also a strong

TABLE 2. '8F-FDG PET and '8F-FDG PET/CT in Early Assessment of Response to Therapy for Esophageal Cancer

Criteria for

Tumor type Authors Year n response on PET

AEG Weber et al. (28) 2001 37 35% mean
SUV decrease

SCC* Wieder et al. (30) 2004 23 30% mean
SUV decrease

AEG Ott et al. (34) 2006 65 35% mean
SUV decrease

AEG Lordick et al. (35) 2007 110 35% mean
SUV decrease

SCC Gillham et al. (37) 2006 32 20% mean
and AEG* SUV decrease*

*Chemoradiation; otherwise, only chemotherapy.
fSubgroup of patients with complete resection (n = 41).
*After 1 wk; otherwise, after 2 wk.

Outcome

measure Design Hazard ratio [P
Median overall survival Retrospective NL 0.04
Median overall survival Retrospective NL 0.011
Median overall survival Prospective 0.22% 0.018t
Median event-free survival Prospective 2.18 0.002
Prediction of tumor Prospective NA NS

regression grade

AEG = adenocarcinoma of esophagogastric junction; NL = not listed; NA = not applicable; NS = not significant.
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predictor of survival (P < 0.011). In a study by Gillham et al.,
early response assessment was performed on a study cohort
of 32 patients with esophageal cancer (31). '3F-FDG PET
failed to predict histopathologic response in that study.
Schmidt evaluated the predictive and prognostic potential
of 8F-FDG PET in 133 patients with advanced esophageal
cancer. All patients received neoadjuvant chemoradiation.
The authors did not find a correlation of SUV with histo-
pathologic response and prognosis (32). Ribi et al. included
66 patients with advanced esophageal cancer in a multicenter
trial. Less than a 40% reduction in '8F-FDG uptake predicted
histopathologic response with a sensitivity of 70%, a spec-
ificity of 50%, and a negative predictive value of 70% (33).
These 3 studies (3/-33) had distinct differences from the
studies by Weber et al. (28), Ott et al. (34), and Lordick et al.
(35). First, metabolic response was assessed not at 2 wk after
the initiation of the therapy but after only 1 wk of neoadjuvant
chemoradiotherapy in the study by Gillham et al. (31), after
3—4 wk in the study by Schmidt et al. (32), and after the
second cycle of chemotherapy in the study by Ribi et al. (33).
Second, in all 3 studies (37-33), patients received chemo-
radiotherapy, which was not the case in the studies by Weber

THERAPY RESPONSE IN EsoPHAGEAL CANCER ¢ Krause et al.

FIGURE 1. Coronal PET/CT (l), axial
PET (Il), CT (lll), and PET/CT (IV) images
of a patient with locally advanced ade-
nocarcinoma of the esophagogastric
junction (arrow) before (A) and 14 d
after beginning (B) neoadjuvant chemo-
therapy. Fourteen days after initiation of
neoadjuvant chemotherapy, tumor met-
abolic activity is marginally decreased
(<85%). After completion of chemother-
apy, more than 50% tumor cells were
found in resected specimen.

et al. (28), Ott et al. (34), and Lordick et al. (35), in which
patients received induction chemotherapy. When radiother-
apy is part of the regimen, nonspecific '8F-FDG accumula-
tion in inflammatory lesions is of major importance for
therapy monitoring. False overestimation of '3F-FDG uptake
might occur in tumors with an inflammatory component or,
more often, might be due to radiation-mediated inflammatory
processes—which may persist from weeks to months—
potentially influencing the assessment of changes in glucose
metabolism during assessment of response to therapy (36).
Ottet al. (34) validated the metabolic threshold (a cutoff of
a 35% decrease in mean SUV) established by Weber et al.
(28) in a prospective study on 65 patients with locally ad-
vanced adenocarcinomas of the esophagogastric junction.
Histopathologic response was predicted by '8F-FDG PET
with a sensitivity of 80% and a specificity of 78%. The mean
IBF-FDG uptake at baseline was 8.1 = 3.4. The baseline
SUVs in the study by Weber et al. (28) were normalized to
body surface area and not body weight. Therefore, the
absolute SUVs cannot be directly compared with those from
the study by Ott et al. (34), which used SUVs normalized to
body weight. After a median follow-up of 42 mo, the overall

FIGURE 2. Coronal PET/CT (l), axial
PET (Il), CT (lll), and PET/CT (IV) images
of a patient with locally advanced ade-
nocarcinoma of the esophagogastric
junction (arrow) before (A) and 14 d
after beginning (B) neoadjuvant chemo-
therapy. Already 14 d after initiation of
neoadjuvant chemotherapy, tumor met-
abolic activity is markedly decreased
(>35%). After completion of chemother-
apy, no viable tumor cells were found in
resected specimen.

93S

RGB

RGB



median survival of metabolic nonresponders was 18 mo,
whereas median survival had not been reached for metabolic
responders (P = 0.01). Metabolic responders had a signifi-
cantly higher 3-y survival rate than did metabolic nonre-
sponders (70% vs. 35%, P = 0.01). In the subgroup of
completely resected (RO) patients, a multivariate analysis
including ypT-category, ypN-category, and histopathologic
response depicted metabolic response as the only predictor
for recurrence (P < 0.018). The findings of these studies
suggested that '8F-FDG PET could possibly be used to
individualize treatment.

The unicenter MUNICON study was an initial trial to
prospectively evaluate the feasibility and potential effect on
prognosis of administering PET-response—guided chemo-
therapy to patients with locally advanced adenocarcinoma
of the esophagus and the esophagogastric junction (35). By
contrast, the studies of Weber et al. (28) and Ott et al. (34)
established and validated the cutoff for metabolic response
in the early prediction of response. In the MUNICON study,
110 patients were evaluable for metabolic response assess-
ment. Metabolic responders (after 2 wk of induction che-
motherapy) continued to receive chemotherapy for a
maximum of 12 wk before undergoing surgery, whereas
metabolic nonresponders discontinued chemotherapy after
only 2 wk and were immediately resected. Of the evaluable
110 patients, 49% were classified as metabolic responders
and 104 patients underwent resection. A histopathologic
response was achieved in 58% of the metabolic responders.
After a median follow-up of 2.3 y, median overall survival
was not reached in metabolic responders, whereas median
overall survival was 25.8 mo in nonresponders (hazard
ratio, 2.13; P = 0.015). Median event-free survival was
29.7 mo in metabolic responders and 14.1 mo in nonre-
sponders (hazard ratio, 2.18; P = 0.002). In the study by
Ott et al. (34), the median recurrence-free period and
overall median survival after continuing chemotherapy in
metabolically nonresponding patients with similar tumor
stages and similar preoperative chemotherapy were 10 and
18 mo, respectively. In the MUNICON study, the corre-
sponding median recurrence-free period and overall median
survival were 14.1 and 25.8 mo.

These results show satisfying sensitivities and specific-
ities given that no other imaging modality or surrogate
marker allows a more accurate early prediction of response
to therapy. The response of tumors can be assessed by 18F-
FDG PET as early as 2 wk after the initiation of the first
chemotherapy cycle, whereas postsurgical parameters (i.e.,
ypT, Ry) and histopathologic response can be determined
only at 3—4 mo after the initiation of preoperative chemo-
therapy. Consequently, patients without a metabolic re-
sponse after 2 wk of preoperative chemotherapy could
receive an alternative therapy regimen early after the onset
of preoperative chemotherapy. Furthermore, the fact that
the negative predictive value is high is of major importance
because patients who do not respond to treatment can be
identified and a change in the therapy regimen can be
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considered. On the other hand, limitations also exist, such
as the possible inflammatory changes that may influence
the assessment of response. In addition, because of the
partial-volume effect, tumor shrinkage due to therapy
initiation may lead to underestimation of '3F-FDG uptake
in the second '8F-FDG study and, in turn, to overestimation
of the change in SUV.

Early assessment with '3F-FDG PET of the response to
therapy in patients with locally advanced adenocarcinomas
has shown promising results in single-center studies and
should now be evaluated in randomized, prospective multi-
center trials. Such trials are an important step toward possible
implementation in clinical practice. Recently, a multicenter
trial called Neoadjuvant Therapy Monitoring with PET and
CTin Esophageal Cancer (NEOPEC) was launched as part of
a randomized Dutch trial comparing neoadjuvant chemo-
radiotherapy for 5 wk followed by surgery, versus surgery
alone. The neoadjuvant arm will include 150 patients from 6
centers within 3 y. Primary endpoints will be a difference in
accuracy and in negative predictive value between '*F-FDG
PET and CT. Moreover, a PET-guided treatment algorithm
has proven to be feasible for patients with locally advanced
adenocarcinomas (35) and should—in a next step—be validated
and evaluated in randomized prospective multicenter trials
(37). Identification of patients not responding to initial therapy
is of great clinical interest because chemotherapy-induced
side effects could be reduced and the costs of ineffective
therapy avoided. However, it is still unclear whether a PET-
guided treatment algorithm will result in a survival benefit.
Although the MUNICON trial suggested that early discon-
tinuation of chemotherapy in metabolic nonresponders had
no negative consequences, that suggestion was from com-
parisons of this trial with previous trials by the same group.
Therefore, randomized prospective multicenter trials are
necessary to answer this question. Furthermore, so far only
limited experience with therapy guided by PET assessment of
early response has been obtained. Standardization of patient
preparation, data acquisition and processing, and data inter-
pretation is an important issue, especially for prospective
randomized multicenter studies. Currently, the implementa-
tion of PET-guided treatment algorithms for treatment of
patients with esophageal cancer is not recommended outside
clinical trials.

Molecular imaging probes that reflect more specifically
tumor biology might also represent a future approach to
increase the accuracy of PET/CT prediction of response to
therapy. For example, Westreenen et al. investigated the
feasibility of imaging proliferation with '8F-FLT PET for
the detection of esophageal cancer and compared '8F-FLT-
PET with '8F-FDG PET in 10 patients (38). However, in
that study the sensitivity of '8F-FDG PET was higher than
that of 8F-FLT PET. Furthermore, the authors were not
able to show a correlation between '8F-FDG and '8F-FLT
uptake and the proliferation index (Ki-67).

Combining '8F-FDG PET/CT with biomarkers to more
accurately predict response to therapy is also under investi-
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gation. Choi et al. investigated 51 patients with squamous
carcinoma of the esophagus before curative surgery with !8F-
FDG PET (39). Biopsies of tissue samples were stained for
markers of angiogenesis (VEGF), proliferation, and intra-
tumoral microvessel density. In a univariate analysis, sur-
vival was correlated with tumor stage, maximum SUYV, tumor
length, '8F-FDG PET-positive lymph nodes, proliferation
index, angiogenesis, and intratumoral microvessel density. In
amultivariate analysis, intratumoral microvessel density and
VEGF expression proved to be independent prognostic
factors additional to pathologic tumor stage and the number
of '8F-FDG PET-positive lymph nodes. In a study by
Westerterp et al. (40), 26 patients underwent '8F-FDG PET
as well as biopsy of tissue samples, which were immunohis-
tochemically stained for markers of angiogenesis (VEGF,
CD31), glucose transporter-1, hexokinase isoforms, Ki-67,
macrophages (CD68), and apoptosis (cleaved caspase-3).
Glucose transporter-1 expression and tumor size were the
only parameters that correlated with '8F-FDG uptake.

The past few years have seen progress emerge in the
understanding of molecular pathways that are important in
cancer biology. Several new molecular targets have been
identified, and specific drugs targeting these molecular sites
have subsequently been developed. Imaging of molecular
targets is of high importance for the development of targeted
drugs (41). In esophageal cancer, several new potential
targets for a specific (targeted) therapy have been identified.

The 2 best-studied classes of targeted agents are the cell-
growth inhibitors and the antiangiogenic drugs. In a recent
trial by Di Fabio et al. (42), '8F-FDG PET showed a
metabolic response in 60% of patients with gastric cancer
and cancer of the esophagogastric junction after treatment
with cetuximab (an anti—epidermal growth factor receptor
monoclonal antibody) combined with the FOLFIRI regimen
(folinic acid, fluorouracil, and irinotecan). Most importantly,
median progression-free survival was significantly longer in
metabolic responders (11 vs. 5 mo). Further upcoming
targeted agents used in clinical trials include regulation of
the inflammatory response, cell-cycle regulation, induction
of apoptosis, and regulation of invasion and metastasis.
Although early signs of activity have been reported for these
drugs, itis too early for them to be implemented into standard
therapy protocols. However, although limited experience
exists in the evaluation of response to these new targeted
agents, evaluation of early response seems especially attrac-
tive, to reduce the costs of these new, expensive agents.
Besides the development of new drugs, the identification of
biomarkers that can be used to select a specific therapy for a
particular patient will also be necessary. Recently, the mu-
tational status of kras in colorectal cancer has been shown to
predict response to treatment with monoclonal antibodies
directed against the epidermal growth factor receptor (43).
Other biomarkers, such as FcgR polymorphisms (44) or
ERCCI1 (45), have also been shown to predict response to
antibody treatment and chemotherapy with cisplatin. There-
fore, future trials incorporating new drugs and biomarkers are
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necessary to further improve the clinical outcome of patients
with esophageal cancer.

CONCLUSION

I8F-FDG PET and '8F-FDG PET/CT can provide robust
and reproducible criteria for assessing the response to ther-
apy in esophageal cancer. PET-guided induction chemother-
apy has been shown to be feasible in adenocarcinomas of the
esophagogastric junction. However, the reported results are
the subject of intense debate, underlining the urgent need for
randomized multicenter studies with standardized protocols.
Future research will have to address new imaging probes and
innovative therapy regimens.
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