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Summary

Background: Only responding patients benefit from preoperative
therapy for locally advanced esophageal carcinoma. Early detection
of non-responders may avoid futile treatment and delayed surgery.
Patients and Methods: In a multi-center phase Il trial, patients with
resectable, locally advanced esophageal carcinoma were treated
with 2 cycles of induction chemotherapy followed by chemoradio-
therapy (CRT) and surgery. Positron emission tomography with 2-
[fluorine-18]fluoro-2-deoxy-p-glucose (FDG-PET) was performed at
baseline and after induction chemotherapy. The metabolic response
was correlated with tumor regression grade (TRG). A decrease in
FDG tumor uptake of less than 40% was prospectively hypothesized
as a predictor for histopathological non-response (TRG > 2) after
CRT. Results: 45 patients were included. The median decrease in
FDG tumor uptake after chemotherapy correlated well with TRG
after completion of CRT (p = 0.021). For an individual patient, less
than 40% decrease in FDG tumor uptake after induction chemo-
therapy predicted histopathological non-response after completion
of CRT, with a sensitivity of 68% and a specificity of 52% (positive
predictive value 58%, negative predictive value 63%). Conclusions:
Metabolic response correlated with histopathology after preopera-
tive therapy. However, FDG-PET did not predict non-response after
induction chemotherapy with sufficient clinical accuracy to justify
withdrawal of subsequent CRT and selection of patients to proceed
directly to surgery.

Schliisselworter
Osophaguskarzinom - Positronenemissionstomografie (PET) -
Marker, pradiktiver - Response-Vorhersage

Zusammenfassung

Hintergrund: Die praoperative Chemo- und Radiotherapie des lokal
fortgeschrittenen (")sophaguskarzinoms ist nur fur Patienten von
Vorteil, die auf diese ansprechen. Durch eine friihe Identifikation
von Patienten, die kein ausreichendes Ansprechen zeigen, konnten
zwecklose Therapien und Verzégerungen der Operation vermie-
den werden. Patienten und Methoden: Patienten mit resektablem,
lokal fortgeschrittenem ésophaguskarzinom wurden in einer mul-
tizentrischen Phase-ll-Studie mit 2 Zyklen Induktionschemotherapie
behandelt, gefolgt von einer Chemoradiotherapie (CRT) und einer
Operation. Eine Positronenemissionstomografie mit 2-["®F]Fluor-2-
desoxy-p-glukose (FDG-PET) wurde vor Therapiebeginn und nach
Abschluss der Induktionschemotherapie durchgefiihrt. Das metabo-
lische Ansprechen wurde mit dem Tumorregressionsgrad (TRG) kor-
reliert. Die Hypothese, dass weniger als 40% Abnahme des Wertes
der FDG-Aufnahme ein friiher pradiktiver Parameter fiir das Nichtan-
sprechen sei (TRG > 2), wurde prospektiv geprtft. Ergebnisse: 45 Pa-
tienten wurden eingeschlossen. Die mittlere Abnahme der FDG-An-
reicherung im Tumor korrelierte gut mit dem TRG nach Abschluss
der CRT (p = 0,021). Eine Abnahme der FDG-Anreicherung von we-
niger als 40% sagte ein Nichtansprechen mit einer Sensitivitat von
68% und einer Spezifitat von 52% voraus (positiver Vorhersagewert
58%, negativer Vorhersagewert 63%). Schlussfolgerungen: Das me-
tabolische Ansprechen nach praoperativer Therapie korrelierte ins-
gesamt gut mit dem histopathologischen Ansprechen. Die FDG-PET
sagte jedoch das Nichtansprechen im individuellen Fall nicht mit
ausreichender Sicherheit voraus, um den vorzeitigen Abbruch der
CRT und eine direkte Operation zu rechtfertigen.
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Introduction

Esophageal carcinoma is often diagnosed in the locally ad-
vanced stage and is associated with a poor long-term out-
come of only 20-30% survival at 2 years. Chemoradiotherapy
(CRT) followed by surgery has been integrated into standard
treatment. However, only patients who respond to neoadju-
vant therapy and achieve an RO resection at surgery have a
substantial long-term survival, while non-responders may not
benefit [1] but experience adverse effects or even tumor pro-
gression. In this context, early differentiation of non-respond-
ers from responders is desirable to prevent non-responders
from receiving inefficient chemotherapy and delayed surgery.
Positron emission tomography with 2-[fluorine-18]fluoro-2-
deoxy-p-glucose (FDG-PET) visualizes the enhanced glucose
metabolism of viable esophageal tumor tissue [2, 3]. A number
of studies have addressed the feasibility of measuring changes
in tumor FDG uptake to monitor response and to predict the
outcome of neoadjuvant treatment.

Promising results for early response assessment after neo-
adjuvant chemotherapy without concomitant radiotherapy
were published for adenocarcinomas of the esophagogastric
junction [4]. Metabolic response was defined by a retrospec-
tively calculated cut-off of least 35% decrease in tumor FDG
uptake after 14 days of chemotherapy. Metabolic response
correlated significantly with clinical and histopathological
response, disease-free survival and overall survival (OS). A
subsequent study by the same group prospectively tested this
cut-off and confirmed that metabolic non-responders had a
low histopathological response rate of only 5% and a poor
prognosis compared with responders [5].

In contrast, single-center studies of CRT for adenocarci-
noma and/or squamous cell carcinoma (SCC), designed to as-
sess the correlation between a decrease in tumor FDG uptake
and histopathological response [6-15] and survival [6, 7, 9, 13,
15], have produced conflicting results. A group from Munich,
Germany, evaluated PET for the response assessment in the
course of CRT of SCC. They found PET, after completion of
CRT and early in the course of CRT, to have similar predic-
tive values for histopathological response [9, 15].

Subsequently, the same group prospectively tested a pre-
defined cut-off of 30% decrease in tumor standardized uptake
values (SUV) after 2 weeks of CRT. However, the negative
predictive value (NPV) for histopathological response re-
mained clearly below 80% and, consequently, did not meet
the requirement for a clinically relevant predictive test [16].
Radiation-induced esophagitis, which can mask treatment-in-
duced reduction of SUV, may confound metabolic response
evaluation after CRT [6, 8, 10, 11, 15].

This study was designed to quantify metabolic tumor re-
sponse without interference from radiation-induced esophagi-
tis, by determining whether changes in tumor FDG uptake
after induction chemotherapy, but prior to CRT, can predict
histopathological non-response after completion of neoadju-
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vant treatment. A cut-off of 40% SUYV decrease for the differ-
entiation of non-responders from responders was prospectively
defined, based on data from previous studies [4, 9]. The pri-
mary objective was to predict histopathological non-response.
Secondary objectives were to correlate metabolic response with
event-free survival (EFS) and OS and to determine whether
metabolic response may be a useful prognostic parameter.

Patients and Methods

Patients

PET imaging was performed as part of a prospective multi-center phase
II trial investigating a cisplatin- and taxane-based regimen of 2 cycles of
induction chemotherapy, followed by CRT and surgery (Swiss Group for
Clinical Cancer Research, SAKK 75/02, NCT00072033) [17]. The protocol
was approved by the local ethics committees of the participating centers.
The study population consisted of previously untreated patients with histo-
logically confirmed locally advanced but resectable SCC and adenocarcino-
ma of the thoracic esophagus or esophagogastric junction classified as clini-
cal stage T3 NO, T1-3 N+ or T4 Nx, according to the AJCC Cancer Staging
Manual, 6th edition [18]. Written informed consent was obtained for all
patients. Contrast-enhanced computed tomography (CT) of the thorax and
abdomen and endoluminal ultrasound of the esophagus were performed in
all patients before PET or PET-CT. PET or PET-CT staging was strongly
recommended in the study protocol, but was not mandatory because PET
scanners were not available in all regions of Switzerland. Patients with dis-
tant metastases detected during pre-treatment evaluation were excluded.

PET Imaging

PET or PET-CT was performed at up to 4 weeks before initiation of
induction chemotherapy and after completion of 2 cycles of induction
chemotherapy in week 5, before the start of CRT (fig. 1). Both PET scans
were performed at the same center on the same PET or PET-CT machine
and under identical conditions for each patient. All PET scanners fulfilled
the quality requirements defined by the Swiss Society of Nuclear Medi-
cine and had a spatial resolution of 6 mm or less.

Patients fasted for at least 6 h before an intravenous injection of 5
MBq FDG/kg bodyweight. The blood glucose level was recorded in all
patients. Patients were examined according to the local acquisition pro-
tocols at each center, and acquisition parameters were kept constant for
both PET scans with regard to the time point of acquisition after tracer
injection. Maximum SUV (SUV,,,,) of the primary tumor was calculated
to semi-quantify FDG tumor uptake. Percentage changes of SUV,,,, be-
tween baseline PET and PET after induction chemotherapy were calcu-
lated to quantify metabolic response. PET data were evaluated at each
site and reviewed centrally.

Preoperative Treatment

The preoperative treatment regimen consisted of induction chemother-
apy with intravenous cisplatin 75 mg/m? and docetaxel 75 mg/m?* on days
1 and 21, followed by radiotherapy (total dose 45 Gy) and concurrent
chemotherapy comprising intravenous cisplatin 25 mg/m* and docetaxel
20 mg/m? weekly for 5 weeks. Surgery was scheduled 3 to 8 weeks after
CRT (fig. 1). Patients with evidence of newly detected stage M1 and/or
inoperable T4 disease were not eligible for surgery.

Criteria for Response

Histopathological response was based on pathological findings after
esophagectomy. Specimens were examined according to standardized
procedures in local pathology laboratories, and all specimens were cen-
trally reviewed at the University of Basel by an experienced pathologist.
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Week

1st PET scan >

(-4)-(-1)

| Cycle 1: Cisplatin 75mg/m? // Docetaxel 75mg/m? | 0
| Cycle 2: Cisplatin 75mg/m? // Docetaxel 75mg/m? | 3
2nd PET scan > 5
6
CRT: 5 weeks
Radiotherapy 45 Gy (25x 1.8 Gy)
Cisplatin 25mg/m? x 5
Docetaxel 20mg/m? x 5
Surgery 14-19

Fig. 1. Study schedule: 1st PET scan before chemotherapy, 2nd PET scan
in the last week before initiation of CRT.

The histopathological response was classified according to the Mandard
classification of tumor regression grade (TRG) [19]. TRG 1 was defined
as complete regression, TRG 2 as presence of rare residual cancer cells
scattered throughout the fibrosis, and TRG > 2 as increased number of
residual cancer cells. Patients with complete regression (TRG 1) or near-
complete regression (TRG 2) were classified as responders, while patients
with partial and minimal response and no change (TRG 3-5) were classi-
fied as non-responders, as previously validated [15].

A cut-off of 40% decrease in tumor FDG uptake between initial and
second FDG-PET scan was prospectively hypothesized to discriminate
non-responders from responders, based on previously published optimal
cut-off values for response assessment after chemotherapy and CRT of
adenocarcinoma and SCC [4, 9]. More than 40% decrease in FDG up-
take from baseline to the second chemotherapy cycle was considered as a
metabolic response to chemotherapy.

Statistical Methods

The sensitivity, positive predictive value (PPV), specificity, and negative
predictive value (NPV) of metabolic non-response (i.e. less than 40% de-
crease in FDG uptake) predicting TRG > 2 was calculated. Survival end-
points and 95% confidence intervals (CIs) were calculated using the Kaplan-
Meier method. The survival times of strata (metabolic responders vs. non-
responders, adenocarcinoma vs. SCC, histopathological responders vs.
non-responders) were compared with the log-rank test. Overall survival
was calculated as the time from registration until death (event) or last
follow-up (censored). EFS was calculated as time from registration until
death or progression (event) or last follow-up (censored). The reverse Ka-
plan-Meier method was used to calculate the median follow-up time. The
difference of means or medians was tested with the t-test or Wilcoxon’s
test. Calculations and plots were performed with SAS 9.1 and S-Plus 7.0.

Results

Patient and Tumor Characteristics

Of 66 patients enrolled in the SAKK 75/02 trial, 57 underwent
surgical tumor resection and assessment of histopathological
response. From this population, 45 patients were included in
the PET study. The remaining 12 patients were not included
for the following reasons: baseline PET scans not performed
(9 patients; 6 because study centers did not participate in the
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Fig. 2. Decrease in tumor FDG uptake after chemotherapy in histopatho-
logical responders vs. non-responders (white line: median, box: 1st and
3rd quartile). Horizontal dotted reference line: no change in tumor FDG
uptake. Wilcoxon’s test showed a significant difference (p = 0.021) in rela-
tive change of tumor FDG uptake between histopathological responders
(TRG 1/2) and non-responders (TRG > 2).

PET study, 1 patient refused, and 2 scans were not correctly
scheduled), 2 patients could not be evaluated because the
primary tumor did not show an increased FDG uptake in the
baseline scan, and 1 patient did not have the second PET.
The median age was 61 years for patients with adenocarcino-
ma (range 48-71 years) and 59 years for those with SCC (range
44-70 years). The patient characteristics are listed in table 1.

Change of Tumor FDG Uptake after Two Cycles of
Chemotherapy

The median relative change in FDG uptake after induction
chemotherapy compared with baseline uptake was —53% for
patients with histological complete or near-complete response
(TRG 1/2) and -31% for non-responders with an increased
number of residual cancer cells (TRG > 2). This difference
was statistically significant (Wilcoxon’s test: p = 0.021; fig. 2).

Prediction of Histopathological Non-Response after CRT

The prospectively defined cut-off value of less than 40%
decrease in FDG uptake after 2 cycles of induction chemo-
therapy did not reliably predict pathological non-response
after completion of CRT (fig. 3). The overall sensitivity and
specificity for prediction of non-response were 68 and 52%,
respectively, resulting in a PPV of 58% and an NPV of 63%.
The sensitivity, specificity, PPV and NPV for non-response
were 60, 50, 64 and 45% for adenocarcinoma and 86, 54, 50
and 88% for SCC, respectively. Moreover, no significant dif-
ferences in the prediction of non-response according to SUV
decrease were found between patients presenting with adeno-
carcinoma or SCC.
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Table 1. Patient and tumor characteristics

Adenocarcinoma (n =25) Squamous cell carcinoma (n=20) All (n =45)

Age, years
Median 61 59 60
Range 48-71 44-70 44-71
Median follow-up, months 27 30 28
n n n %
Sex
Male 23 17 40 89
Female 2 3 5 11
Clinical stage at diagnosis
T1 N1 0 0 0 0
T2 N1 5 3 8 18
T3 NO 4 2 6 13
T3 N1 15 13 28 62
T3 Nx 1 2 3 7
T4 N1 0 0 0 0
WHO tumor grading
1 2 3 5 11
2 11 12 23 51
3 10 5 15 33
Not done 2 0 2 5
Dysphagia grade at diagnosis (NCI-CTC grading v2.0)
0/1 18 12 30 67
2 6 13 29
3 0 1 2
4 1 1 2
Tumor regression grade
TRG 1 (pCR) 2 S 7 16
TRG 2 8 8 16 35
TRG 3-5 15 7 22 49

WHO, World Health Organization; NCI-CTC, National Cancer Institute common toxicity criteria; TRG, tumor regression grade; pCR, pathological

complete response.

Figure 4 shows retrospectively calculated PPV for different
cut-off values for tumor SUV decrease after chemotherapy.
Of note, only an increase in FDG uptake would provide a
markedly better PPV than the predefined cut-off of less than
40% decrease. However, this accounted for only 5 patients.
In addition, 11 patients classified as metabolic non-respond-
ers after induction chemotherapy (5 adenocarcinoma, 6 SCC,
patients originating from different participating centers) had
histological complete or near-complete response after com-
pletion of CRT.

Prognostic Significance of Metabolic Response to Treatment

Median follow-up was 28 months (adenocarcinoma 27 months,
SCC 30 months). Median OS was 32.4 months (95% CI lower
limit 25.7 months). Metabolic responders according to the
predefined criterion of at least 40% decrease in tumor FDG
uptake had a median OS of 36.5 months (95% CI 8.0-36.5
months) compared with 31.0 months (95% CI lower limit 21.4
months) for non-responders. Median EFS was 22.8 months

Predictive Value of FDG-PET in the
Preoperative Treatment of Esophageal Cancer

(95% CI lower limit 7.3 months) for metabolic responders
and 21.7 months (95% CI 9.8-28.3 months) for non-respond-
ers. Differences in OS and EFS failed to reach significance
(log-rank test).

Discussion

To date, the utility of FDG-PET for early response assessment
has been shown only after neoadjuvant chemotherapy alone.
Promising results using retrospectively calculated or prospec-
tively defined cut-off values have been published based on
extensive work at a single center [4, 5, 20-22], and prospec-
tive multi-center trials are planned [23]. However, a role for
FDG-PET in the response assessment after combined CRT
has not been established and published single-center studies
have shown conflicting results. While some studies suggested
a possible correlation between the decrease in FDG tumor
uptake and histopathological response [7-9, 15], these results
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Fig. 3. ‘Waterfall’ plot: Outcome of patients with at least 40% reduc-
tion in SUV after chemotherapy (dotted line). One patient had no change
in SUV; thus, the 6th bar from the right (a histopathological responder,
marked with *) has a height of zero.

were not supported for adenocarcinoma or SCC by other,
subsequent trials [10-14, 16]. Radiation-induced esophagitis
correlates metabolically with FDG-PET in up to 60% of pa-
tients after radiotherapy and may explain obvious differences
in response assessment after chemotherapy and CRT [6, 8, 10,
11, 15].

The patients in the current study were treated with preop-
erative induction chemotherapy followed by CRT. It is critical
to identify non-responders to neoadjuvant treatment so that
they can be scheduled for immediate surgery. No optimal cut-
off values for response assessment in this setting were avail-
able. Therefore, based on previously published studies with
optimal cut-off values for response assessment after chemo-
therapy alone (35%, adenocarcinoma [4]) and after comple-
tion of combined CRT (52%, SCC [9]), it was hypothesized
that a prospectively defined cut-off of less than 40% decrease
in tumor FDG would identify non-responding adenocarcino-
ma and/or SCC after completion of induction chemotherapy.

For the whole group, the median change of FDG tumor
uptake after 2 cycles of induction chemotherapy correlated
significantly with the TRG after completion of CRT (p =
0.021). These results were in accordance with those published
for response assessment after chemotherapy alone [4, 5] but
without chemoradiation before surgery. After a median fol-
low-up of 28 months there was a trend towards prolonged OS
for metabolic responders vs. non-responders after induction
chemotherapy. No differences in EFS were found between
metabolic responders and non-responders. Therefore, these
results did not confirm previously published single-center
studies describing a significant correlation between metabolic
response and EFS and/or OS [4, 6, 7, 9, 20].
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Fig. 4. PPV for non-response of different cut-off values for relative
change of SUV after chemotherapy. Dotted line: predefined cut-off of
40% SUYV decrease.

The hypothesis that FDG-PET with a predefined cut-
off of less than 40% decrease in tumor SUV after induction
chemotherapy may predict histological non-response and
treatment failure was not proven. The PPV for prediction of
non-response of 58% was not sufficiently accurate to justify
withdrawal of CRT in metabolic non-responders and to select
patients to proceed directly to surgery. A retrospective calcu-
lation of an optimal cut-off did not improve the results (fig. 4)
because only an increase in SUV reliably pointed towards
non-response. These results were less favorable than those
of other studies of adenocarcinoma in which the second PET
was performed 2 weeks after initiation of chemotherapy alone
(PPV for non-response, 95-100%) [4, 5]. Lordick et al. [20]
noted no histological responders among metabolic non-re-
sponders (less than 35% SUV decrease; response assessment
2 weeks after initiation of chemotherapy), while in the present
study 11 of 26 metabolic non-responders (5 adenocarcinoma, 6
SCC, less than 40% SUV decrease) had histological complete
or near-complete response after completion of CRT (specifi-
city 52%; fig. 3). Apparently, subsequent CRT can transform
some metabolic non-responders after chemotherapy into his-
topathological responders. These 11 metabolic non-responders
after induction chemotherapy with subsequent histopathologi-
cal response (TRG 1/2) after completion of CRT had median
EFS similar to all patients with histopathological response. It
can be concluded that histopathological response was a better
predictor of outcome than metabolic response in this study.
Briicher et al. reported promising results for SCC evaluated 3
weeks after completion of CRT (PPV for non-response 100%,
with a retrospectively defined cut-off of 52%) [9]. However,
in a follow-up study by the same group, using a prospectively
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defined cut-off of 30%, the PPV for non-response (64%) did
not meet the requirement for a clinically relevant predictive
test [16] and was in the same range as data from Song et al. [8]
using a second PET performed 8 weeks after CRT.

To the authors’ knowledge, this is the first study prospec-
tively testing the predictive and prognostic value of FDG-PET
in esophageal cancer in a nationwide multi-center context. A
strong point of this study is the assessment of non-response
as the objective of clinical relevance using a prospectively
defined cut-off of tumor SUV decrease during the course of
treatment. A new approach using a second PET after induc-
tion chemotherapy and before the onset of combined CRT
was evaluated to avoid problems with semi-quantification of
tumor activity, i.e. radiation-induced esophagitis [10]. A limi-
tation of this study is the small number of patients and maybe
the combined evaluation of adenocarcinoma and SCC. Re-
cently, separate trials for adenocarcinoma and SCC have been
proposed because the thresholds for measuring PET response
may vary [23]. However, all patients in the study received iden-
tical treatment and no significant differences in the prediction
of non-response according to SUV decrease were found be-
tween adenocarcinoma and SCC. Using a multi-center design
means that the mode of acquisition and the instrumentation
were standardized to a lesser degree than would be possible
in a single-center study. Nevertheless, only relative changes of
FDG uptake in the pre- and post-treatment scans were evalu-
ated, and all acquisition parameters were kept uniform in indi-
vidual patients. Under such conditions, no significant effects of
methodological variations, i.e. acquisition parameters, timing
of the acquisition after FDG injection, reconstruction algo-
rithm and method of SUV measurement, have been described
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