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Abstract

Objective The aim of this prospective pilot study was to investigate the potential of serial FLT-PET/CT compared to FDG-
PET/CT to provide an early indication of esophageal cancer response to concurrent neoadjuvant chemoradiation therapy.
Methods Five patients with biopsy-proven esophageal adenocarcinomas underwent neoadjuvant chemoradiation (Tx) prior
to minimally invasive esophagectomy. The presence of residual tumor was classified histologically using the Mandard et al.
criteria, categorizing patients as pathologic responders and non-responders. Participants underwent PET/CT imaging 1 h
after intravenous administration of FDG and of FLT on two separate days within 48 h of each other. Each patient underwent
a total of 3 scan “pairs”: (1) pre-treatment, (2) during treatment, and (3) post-treatment. Image-based response to therapy
was measured in terms of changes in SUVmax (ASUV) between pre- and post-therapeutic FLT- and FDG-PET scans. The
PET imaging findings were correlated with the pathology results after surgery.

Results All tumors were FDG and FLT avid at baseline. Lesion FLT uptake was lower than with FDG. Neoadjuvant chemo-
radiation resulted in a reduction of tumor uptake of both radiotracers in pathological responders (n =3) and non-responders
(n=2). While the difference in the reduction in mean tumor FLT uptake during Tx between responders (ASUV = —55%)
and non-responders (ASUV = —29%) was significant (P=0.007), for FDG it was not, [responders had a mean ASUV =
—39 vs. —31% for non-responders (P =0.74)]. The difference in the reduction in tumor FLT uptake at the end of treatment
between responders (ASUV = — 62%) and non-responders (ASUV = —57%) was not significant (P =0.54), while for FDG
there was a trend toward significance [ASUV of responders = — 74 vs. —52% in non-responders (P =0.06)].

Conclusion The results of this prospective pilot study suggest that early changes in tumor FLT uptake may be better than
FDG in predicting response of esophageal adenocarcinomas to neoadjuvant chemoradiation. These preliminary results sup-
port the need to corroborate the value of FLT-PET/CT in a larger cohort.
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than non-responders [6—11]. However, only 40-50% of the
patients respond to neoadjuvant therapy and those who do
not may be compromised by the toxic side effects of inef-
fective treatment. Thus, there is a need for a diagnostic test
that could accurately predict tumor response non-invasively
and early in the course of therapy. In this manner, non-
responding patients could be identified early and be treated
with a different regimen, or taken to surgery without being
subjected to the potential toxicity of a full course of chem-
oradiation. This approach, using FDG-PET as a measure
of response, has been tested in CALGB 80803, with pre-
liminary results suggesting that changing chemotherapy
regimens in patients with a poor FDG response to induction
chemotherapy may increase the likelihood of achieving a
pathologic complete response [12].

Currently, there is no reliable means to assess esophageal
cancer response to chemoradiotherapy. Pathologic analysis
following esophagectomy remains the most accurate method
to determine treatment effect. Response to therapy is cur-
rently assessed by using morphologic imaging techniques,
such as computed tomography (CT) and endoscopic ultra-
sonography [13, 14]. When using these techniques response
is based on the decrease in tumor size. However, none of
these routinely used methods have proven to be accurate
enough to differentiate cancerous from non-cancerous tissue
after treatment.

Alternative methods capable of interrogating the tumoral
functional phenotype are necessary. Functional imaging
using positron emission tomography (PET) has facilitated
the non-invasive evaluation of tumor pathophysiology and
metabolism. The basis for the use of '*F-fluorodeoxyglucose
(FDQ) is the increased glucose metabolism of cancer cells
compared to normal tissues. Several clinical studies using
FDG-PET in the neoadjuvant setting of esophageal cancer
treatment have shown good correlations between an FDG-
PET-based response, histological response and improved
overall survival [15-20].

FDG-PET imaging is part of today’s routine cancer care,
but has fundamental limitations. FDG is not strictly ‘tumor-
specific’ and false-positive results may arise secondary to
uptake in benign tissue and in treatment-induced inflamma-
tory conditions. In many instances, FDG-PET may fail to
distinguish between residual tumor and inflammation [20].
Therefore, there is a need to test more specific molecular
imaging probes that may be able to predict and more accu-
rately characterize early tumor response to therapy.

PET imaging with radiotracers of DNA synthesis, such as
the thymidine analog 3'-deoxy-3'-'8F-fluorothymidine (FLT)
may prove to be more specific than FDG-PET to detect early
changes in tumor proliferation as a function of treatment.
FLT is a surrogate marker of the DNA salvage pathway. It is
phosphorylated by thymidine kinase 1, which has increased
activity during the S phase of the cell cycle, and it is retained
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in proliferating cells without being incorporated into DNA
[21]. FLT is taken up by the normal proliferating marrow
and is glucuronidated in the liver. Early clinical data with
FLT imaging demonstrated that its uptake correlates well
with in vitro measures of proliferation. In vitro and preclini-
cal in vivo studies have revealed that FLT-PET is an effective
molecular imaging modality to study the antiproliferative
effects of different therapeutic regimens in different tumor
types, including esophageal cancer [22-24].

Clinical studies in patients with lymphoma, breast cancer,
gliomas, and esophageal squamous cell carcinomas, yielded
encouraging results that demonstrated an advantage of FLT
over FDG to provide earlier evidence of treatment efficacy
[25-28]. The general consensus of these studies has been
that FLT tumor uptake decreases early after the initiation
of treatment, suggesting that imaging cell proliferation may
play a significant role when monitoring anticancer therapy.
However, more clinical studies are still needed to assess the
value of FLT-PET to monitor response to chemoradiation in
patients with esophageal cancer. Furthermore, to the best of
our knowledge, there are no clinical data currently available
on the assessment of response using FLT-PET compared to
FDG during neoadjuvant chemoradiotherapy for esophageal
adenocarcinomas.

The aim of this prospective pilot study was to investigate
the potential of serial FLT-PET/CT scans compared to FDG-
PET/CT scans to provide an early indication of esophageal
adenocarcinoma response to concurrent neoadjuvant chemo-
radiation therapy.

Methods
Patient population
Inclusion criteria

Patients were considered eligible to participate in the study if
they had: (1) histologically or cytologically confirmed ade-
nocarcinoma of the esophagus or gastroesophageal junction.
(2) American Joint Commission on Cancer (AJCC) Cancer
Staging manual, 7th edition TNM stage T2-4, NO-2, MO
as determined by pretreatment endoscopic ultrasound [29].
T1 tumors were eligible if they were T1, N1, MO. (3) Dis-
ease clinically limited to the esophagus or gastroesophageal
junction. If the tumor extended below the gastroesophageal
junction into the proximal stomach, 50% of the tumor had to
involve the distal esophagus or gastroesophageal junction.
Adenocarcinomas of the distal esophagus included tumors
of the distal esophagus, or Siewert type I, and tumors of the
gastroesophageal junction, which involved equally both the
distal esophagus and proximal stomach, or Siewert type II
[30]. (4) Tumor surgically resectable and with a minimum
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length of 2 cm [19, 31], and (5) ECOG performance status
0-1 and to be a candidate for combined modality therapy
with chemotherapy consisting of carboplatin and paclitaxel
and concurrent radiation.

Exclusion criteria

Patients who exhibited any of the following conditions at
screening were not considered eligible to participate in the
study: (1) prior chemotherapy or radiotherapy. (2) Patients
who had major surgery less than 4 weeks before enrollment.
(3) Prior malignancies other than basal cell or squamous
cell carcinoma of the skin, in situ cervical carcinoma, or
superficial transitional cell bladder carcinoma. Any other
prior malignancy was permitted only if diagnosed and/or
treated more than 3 years before registration and without evi-
dence of recurrence. (4) In situ carcinoma (TIS) and tumors
determined to be T1NO following endoscopic ultrasound.
(5) Supraclavicular (for lower esophageal tumors) or celiac
(for upper esophageal tumors) lymph node involvement, as
determined by EUS, CT, or PET imaging, and confirmed
histopathologically as positive for viable tumor. (6) Cervical
esophageal tumors, or gastric cancers with minor involve-
ment of the gastroesophageal junction or distal esophagus,
(7) patients with tracheo-esophageal fistulas, and (8) evi-
dence of metastatic disease.

Treatment plan

All patients received neoadjuvant chemoradiation therapy
prior to surgery. Chemotherapy and radiation for esophageal
cancer were delivered per standard practice.

Patients received 5040 cGy of radiation delivered over
5-6 weeks using 6 and/or 15 MV energy beams. Radia-
tion was given over 28 fractions with a fractional dose of
180 cGy. All radiation was delivered in the supine position.
All patients underwent a chemotherapy regimen of pacli-
taxel and carboplatin adhering to our institution’s standard
of care for esophageal adenocarcinoma [5]. Administered
carboplatin doses were titrated to correlate with an area
under the curve (AUC) of 2 mg per milliliter per minute,
and administered paclitaxel doses were 50 mg per square
meter of body surface area (50 mg/m?). Minimally invasive
esophagectomy was performed 5-9 weeks after completion
of radiation therapy.

The duration of protocol participation was from the time
of enrollment until the post-treatment scans were completed,
i.e., a maximum of 14 weeks. After surgical resection,
patients were followed for survival and patterns of recur-
rence until removal from study or until death, whichever
occurred first.

Pathological analysis

All patients underwent surgical resection following neo-
adjuvant chemoradiotherapy. The surgical specimens were
opened longitudinally from proximal to distal, and when
applicable, along the greater curvature of the stomach.
Sections of tumor, resection margins, areas of uninvolved
esophagus and stomach, and lymph nodes were examined
histologically. Tumor grading and staging were based on the
AJCC TNM classification [29]. The tumor bed and residual
gross lesion was examined with light microscopy. All speci-
mens were evaluated by a gastrointestinal surgical patholo-
gist who was unaware of the clinical and PET/CT results.
Each slice containing tumor bed and residual gross lesion
was examined for residual tumor, inflammation, fibrosis and
necrosis. The final percentages were determined from the
average value obtained from all slides.

The presence of residual tumor was classified in accord-
ance with the criteria described by Mandard et al. [32].
Briefly, surgical samples were assigned a tumor regression
grade as follows. Grade 1, no residual cancer and considered
negative for tumor (based on the presence of fibrosis with
or without inflammation or necrosis and absence of viable
tumor cells); grade 2, rare residual cancer cells, with micro-
scopic disease (< 10% viable tumor cells); grade 3, fibrosis
outgrowing residual cancer, with sub-macroscopic disease
(10-50% viable tumor cells); grade 4, residual cancer out-
growing fibrosis, with macroscopic disease (> 50% viable
tumor cells), and grade 5, absence of regressive changes.
The evaluation also included overall pathological therapeutic
response in resected locoregional lymph nodes after therapy.
Due to the small sample size, for final analysis the patients
were grouped into pathologic responders (tumor regression
grades 1-2) and non-responders (tumor regression grades
3-5).

Imaging protocol

After fasting for a period of 6 h, patients underwent PET/
CT imaging 1 h after intravenous administration of either
444 MBq of FDG or 370 MBq of FLT. Patients were
scanned with both radiotracers on two separate days within
48 h of each other. A total of three scan pairs were acquired
per patient for a total of 30 PET/CT exams (15 with FDG
and 15 with FLT). The studies were acquired (1) prior to
radiotherapy simulation (pre-treatment scan); (2) during the
second week of chemoradiation (during-treatment scan), and
(3) three to four weeks after the conclusion of therapy (post-
treatment scan) (Fig. 1).

Blood glucose levels were monitored prior to the FDG
scans as per clinical protocol. The imaging procedure was
rescheduled if glucose levels exceeded 200 mg/dL. The
imaging protocol used was the same for both radiotracers.
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Fig. 1 Treatment and imaging
scheme
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Following an uptake phase of 60 + 10 min post-injection,
patients were scanned with a combined PET/CT scanner
(Discovery ST; General Electric Healthcare, Waukesha, WI,
USA). Scans were acquired in the supine position with the
arms placed above their heads when possible, and without
any specific breath-holding instructions. Unenhanced CT
scans for attenuation correction and anatomic co-registration
were performed first, from the patient’s head to the mid-
thighs, using the following acquisition parameters: 140kVp,

lesion SUV at baseline — lesion SUV during or post-treatment

.
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manually placed over all suspected lesions in the slice with
maximum FDG and FLT uptake. If no focal uptake was vis-
ible in the follow-up scans, the ROI was placed in the same
location where the lesion was identified in the baseline scan,
using the anatomic landmarks of the CT images as a refer-
ence. The evaluation of tumor response to therapy in the
PET images was done by quantifying changes in lesion FDG
and FLT uptake between baseline and post-therapeutic scans
using the following equation:

% change in SUVmax(ASUV) =

x 100.

lesion SUV at baseline

75-120 mA (varying according to the patient’s weight), 0.5 s
per CT rotation, a pitch of 1.375:1, and a reconstructed slice
thickness of 3.75 mm. Emission scans were acquired in
3-dimensional mode starting at the mid-thighs toward the
head, for 6-7 bed positions of 3 min each. The CT data were
reconstructed using a filtered backprojection algorithm. PET
data were reconstructed using an ordered-subset expectation
maximization iterative algorithm (28 subsets, 2 iterations)
yielding a volume of 47 slices.

All patients were followed by their clinical and radiation
oncologists. The study protocol was approved by our hos-
pital Institution Review Board (IRB), and all patients gave
written informed consent.

Image analysis

The visual and semi-quantitative PET image analyses of the
primary lesions and lymph nodes were performed using a
dedicated nuclear medicine workstation (Hermes, Stock-
holm, Sweden). Semi-quantitative analyses of maximum
standardized uptake values (SUVmax) at each time point
were generated for each lesion corrected for body weight.
Circular regions of interest (ROI) of 1.5 cm in diameter were
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Due to the small number of subjects included in this pilot
study, for final analysis the patients were grouped into
responders (CR + PR) and non-responders (SD + PD).

Statistical analysis

Results were expressed as the mean + SD. Image-based
response to therapy was assessed in terms of lesion uptake
values and changes in lesion SUVmax between pre- and
post-therapeutic images on FLT-PET/CT and on FDG-
PET/CT scans. PET findings were correlated with pathol-
ogy results after surgery. Comparisons of changes in lesion’s
metabolic and proliferative activity during and after treat-
ment between responders and non-responders were per-
formed using a two-tailed # test. P <0.05 was used to define
statistical significance.

Results

This prospective pilot study enrolled five consecutive
patients that were males with a mean age, 63.4 + 11 years,
with biopsy-proven, resectable adenocarcinoma of the
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Table 1 Pilot study population, histopathology, stage, tumor regression grades and results of PET-derived tumoral proliferative and metabolic analyses

Response

Tumor regression
grade (Mandard)

FDG- Post-esophagectomy
TNM

FLT-ASUVmax
Post-CRT

(%)

FDG-ASUVmax
during CRT (%)

FLT-ASUVmax

Pre-CRT
TNM

Histologic type

Gender/age

Patient

to therapy

ASUVmax
Post-CRT

(%)

during CRT (%)

NR

T3 N, M,

—46
—-80
-58
-76
—-65

-53
-73
-62
-57
-58

—47
-33
~16
—67
-17

-31
-60
-26
-57
-50

T; N, M,

M/54 Adenocarcinoma
M/71

#1

#2

Tla NO MO
T3 Nl MO

T;N, M,

Adenocarcinoma

NR

T;N; M,

Adenocarcinoma

M/74
M/68
M/50

#3
#4
#5

Tla NO MO
TZ Nl MO

T,N; M,

Adenocarcinoma

T; N, M,

Adenocarcinoma

M male, Pre-CRT TNM tumor, node, metastasis stage at baseline before neoadjuvant chemoradiotherapy, FLT-ASUVmax during CRT delta change in tumor FLT uptake during chemoradio-

therapy expressed as percentage of baseline FLT uptake, FDG-ASUVmax during CRT delta change in tumor FDG uptake during chemoradiotherapy expressed as percentage of baseline FDG

uptake, FLT-ASUVmax Post-CRT delta change in tumor FLT uptake after chemoradiotherapy expressed as percentage of baseline FLT uptake, FDG-ASUVmax Post-CRT delta change in tumor

FDG uptake after chemoradiotherapy expressed as percentage of baseline FDG uptake, NR non-responder, R responder

esophagus or the gastroesophageal junction. All patients
underwent esophagogastroduodenoscopy with biopsy of
the primary lesion within 2 weeks before the PET studies,
and had concomitant endoscopic ultrasound (EUS) for stag-
ing. Table 1 summarizes the characteristics of the patients
enrolled in this pilot study, as well as the results of PET-
derived tumoral proliferative and metabolic analyses.

Fifty-two + fourteen days after the end of neoadjuvant
radiochemotherapy all patients underwent Ivor-Lewis
esophagectomy with radical lymph node dissection. Patho-
logical analyses of the surgical specimens revealed treatment
response in three patients and lack of response in two. Patho-
logical stages before/after therapy were as follows: patient 1,
T3N2MO/T3N2/MO; patient 2, T3AN2MO0/T1aNOMO; patient
3, T3AN1IMO/T3N1MO; patient 4, T3AN1MO/T1aNOMO, and
patient 5, T3AN2MO/T2N1MO.

All patients underwent FDG and FLT-PET imaging at
baseline, during treatment and post-treatment, for a total of
30 imaging sessions. All scans for a given patient and for
both radiotracers were acquired using the same scanner. The
average time that lapsed between baseline PET/CT imaging
and the start of treatment was 13 +4 days for FDG and 3 +4
days for FLT. During-treatment scans were acquired 18 +2
days for FDG, and 16 +2 days for FLT, and the post-treat-
ment scans were obtained 30+ 6 days for FDG, and 30 +7
days for FLT.

Pre-treatment analysis

All tumors were FDG (mean SUVmax =6.9+2.9) and FLT
avid (mean SUVmax =4.7 +£0.9) at baseline. While lesion
FLT uptake was lower than FDG, the difference was not
statistically significant. The mean tumor FDG SUVmax
of responders before therapy was 4.97 +0.05, compared
to 10.0+1.79 in non-responders (P =0.01). The mean
tumor FLT SUVmax of responders before treatment was
5.01 +1.01, compared to 4.21 +0.62 in non-responders
(P=0.08).

Early during treatment analysis

There was good agreement in tumor response to treatment
between both radiotracers. Neoadjuvant chemoradiation
resulted in a reduction of tumor uptake of both FDG and
FLT, which in turn continued to decrease as a function of
treatment in both responders (n=3) and non-responders
(n=2). The mean tumor FDG SUVmax of responders early
during treatment was 3.44 +0.64, compared to 5.06+1.33
in non-responders (P =0.25). The mean tumor FLT SUV-
max of responders early during treatment was 2.19 +0.24,
compared to 2.99+0.29 in non-responders (P =0.08).
While there was a significant difference in the reduction of
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Fig.2 Changes in tumor FLT 0%
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mean tumor FLT uptake during treatment between respond-
ers (ASUV = — 55+ 5%) and non-responders (ASUV =
—29+4%) (P=0.007) (Fig. 2), for FDG there was not, with
responders having a mean tumor ASUV = — 39 +26% vs. a
ASUV = — 31 +£22% in non-responders (P =0.74) (Fig. 3).

Post-treatment analysis

The mean tumor FDG SUVmax of responders at the end
of treatment was 1.61 +0.55, compared to 4.08 +2.85 in
non-responders (P=0.08). The mean tumor FLT SUVmax
of responders post-treatment was 1.83 +0.23, compared to
1.82 +0.54 in non-responders (P =0.98).

The difference in the reduction in mean tumor FLT
uptake at the end of treatment between responders (ASUV
= — 62+ 9%) and non-responders (ASUV = — 57 +6%) was
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no longer significant (P=0.54) (Fig. 2), while for FDG there
was a clear trend toward significance, with responders hav-
ing a mean tumor ASUV = — 74 + 8% compared to a ASUV
= — 52 + 8% in non-responders (P =0.06) (Fig. 3).

In both the during-treatment and post-treatment images of
responders, we consistently observed significant reductions
in FLT as well as FDG tumoral uptake while tumor bulk
remained on CT images throughout treatment (Figs. 4, 5).

Marked early reduction of FLT uptake in irradiated bone
marrow corresponding to the paths of the radiation beams
was observed in all patients. There was decreased uptake in
irradiated spine, ribs and sternum consistent with decreased
cell proliferation in the areas subjected to radiation treat-
ment. In the post-treatment images uptake in the irradi-
ated marrow increased to almost normal levels, consistent
with marrow repopulation and reactivation of proliferative
activity (Fig. 6). Bone marrow uptake reduction was also
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Fig.4 Representative axial PET and PET/CT fused slices of patho-
logically confirmed responder (71 year-old male with a T3N2MO
esophageal adenocarcinoma at baseline downstaged to T1aNOMO
after therapy) in whom there is a more pronounced reduction (— 60%)
of gastro-esophageal tumor FLT uptake during treatment compared
to FDG (— 33%) (arrowheads), with FLT providing earlier and more
convincing evidence of treatment efficacy. At the end of treatment
both tumor FLT and FDG uptake continue to decrease to normal gas-
troesophageal uptake levels (asterisks) [— 73% for FLT and -80% for
FDG from pre-treatment uptake (arrows)]

Fig.5 Pathologically confirmed responder (50 year-old male with
a T3N2MO esophageal adenocarcinoma at baseline downstaged to
T2NIMO after therapy) with a 50 % reduction in esophageal tumor
FLT uptake (arrowheads) during treatment compared to baseline
(arrows), which continues to further decrease to almost background
levels as evidenced in the post-treatment images (asterisks), pre-
dicting favorable response. On the other hand FDG tumor uptake
decreases only partially during therapy (17%) (arrowheads), most
likely due to radiation induced inflammation, to finally decrease to
65% from baseline uptake, but with a persistent small focus of FDG
activity after the end of treatment (asterisks). There is no evidence
of decrease in tumor bulk during treatment in CT images despite the
reduction in proliferative and metabolic activity in the PET images

observed in the FDG images, but it was not as pronounced
as in the FLT scans.

Discussion

The primary aim of this prospective pilot study was to eval-
uate the use of serial FLT-PET/CT as an early biomarker
of clinical response to neoadjuvant chemoradiotherapy
compared to FDG-PET/CT in patients with esophageal
adenocarcinomas.

As indicated previously, while all tumors were FDG and
FLT avid at baseline, FLT uptake was lower than FDG. This
may be explained by the fact that not all metabolically active
tumor cells are proliferating at any given time. It is well
known that the intensity of FDG uptake is lower in esopha-
geal adenocarcinomas compared to those of the squamous
cell type [33]. Interestingly, it seems like the same might
hold true with FLT uptake. In our study, the mean tumor
FLT SUVmax of esophageal adenocarcinomas at baseline
was 4.7 and lower than that reported for squamous cell car-
cinomas of the esophagus by other investigators. Yue and
colleagues [27] reported a baseline tumor FLT mean SUV-
max of 9.7 in their cohort of 21 patients with esophageal
squamous cell carcinomas, while in the study by Park et al.
[28] the average FLT SUVmax of 13 esophageal squamous
cell tumors was 6.7.

Our study showed that neoadjuvant chemoradiation
resulted in a reduction of tumor FDG and FLT uptake, with
tumor avidity continuing to decrease with increased radia-
tion dose in both responders and non-responders. These
reductions in the intensity of FLT and FDG uptake as a
function of chemoradiotherapy are consistent with tumoral
proliferative and metabolic response to treatment, respec-
tively. The observed differences in the decrease in tumor
uptake between FLT (55% in responders versus 29% in
non-responders) and FDG (39 vs. 31%, respectively) early
during treatment, suggest that chemoradiotherapy might
affect tumor cell proliferation faster than their glycolytic
metabolic pathway. These results were in fact comparable
to those of other investigators studying the value of FLT
to monitor response to treatment of esophageal squamous
cell carcinomas [28, 34]. Park and colleagues recently pub-
lished their results of a small study investigating FLT-PET
as a biomarker of early response to induction chemotherapy
with S-1 and oxaliplatin before radiotherapy and resec-
tion of esophageal squamous cell tumors [28]. The authors
indicated that they observed a median decrease of 57.1% in
tumor FLT uptake in the 8 patients that responded to the first
two cycles of chemotherapy, compared to 10.2% in the only
patient who did not respond to therapy. The authors con-
cluded that the early decrease in FLT uptake as a function
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of induction chemotherapy might prove as a useful predictor
of treatment response.

As indicated above FLT-PET revealed early therapy-
induced changes in tumor proliferation in response to
treatment. While the difference in the reduction in tumor
FLT uptake during treatment between responders and non-
responders was statistically significant, for FDG it was not.
This may be explained by the fact that FLT uptake is not
affected as much as FDG uptake is by radiation-induced
inflammation. In contrast, it is well known that this non-
specific FDG uptake may lead to overestimation of the pro-
portion of viable tumor cells during therapy, making it dif-
ficult to differentiate tumors responding to treatment from
those that are not (Fig. 5). In fact, in responders with persis-
tent FDG uptake, histopathological analysis demonstrated
inflammatory infiltrates with no residual tumor, consistent
with esophagitis. This correlates well with our previously
published findings [19] and are similar to those reported by
Yue and colleagues in esophageal squamous cell carcinomas
[27]. These investigators argued that FLT-PET may able to
differentiate between inflammation and viable tumor uptake,
while confirming chemoradiotherapy treatment efficacy.

The difference in the reduction in tumor FLT uptake at
the end of treatment between responders and non-responders
was not statistically significant in our cohort (Fig. 2), while
for FDG there was a clear trend toward significance (Fig. 3).
At the end of treatment FLT uptake might have been influ-
enced by the continuous effect of radiation that reduced the
proliferative capacity of viable tumor cells remaining after
treatment. The lack of a considerable reduction of inflam-
matory response at this stage minimized non-specific FDG
uptake, and therefore, allowed for a more clear distinction in
radiotracer uptake between responders and non-responders.

While no meaningful survival comparisons could be
made between responders and non-responders in our small
study, the data showed that a reduction in tumor prolifera-
tion during treatment correlated well with survival in our
patient population. These results are in line with those
of Chen et al. who studied 34 patients with esophageal
squamous cell cancers and reported that proliferative
response early during treatment (4 weeks after the start of
radiotherapy or chemoradiotherapy) may carry important
prognostic information [34]. They reported very similar
ASUYV changes in terms of reduction in proliferative and
metabolic activity as a function of treatment. Patients with
an FLT ASUV greater than 60% during treatment (interim
PET negative group) had a better 2-year progression-free
survival (PFS) and loco-regional control (LRC) than the
interim PET-positive group (P =0.046). The FDG-PET/
CT scan demonstrated better prediction of PFS and LRC
when the reduction in metabolic activity as a function of
treatment was 75% or higher in the post-treatment scan
(P=0.016). An SUVmax that decreased more than 75%
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Fig.6 Representative Sagittal FLT-PET images obtained before,
during and after treatment. Note the more pronounced decrease in
FLT uptake in the irradiated vertebral bone marrow and the sternum
corresponding to the paths of the radiation beams, consistent with
decreased cell proliferation during treatment. In the post-treatment
images uptake in the irradiated marrow increases to almost normal
levels consistent with marrow repopulation and reactivation of prolif-
erative activity

on the final FDG-PET/CT scan was associated with better
clinical outcome (PFS: 73.3 vs. 36.8%, P=0.022; LRC:
86.7 vs. 52.6%, P=0.029). The investigators emphasized
that these results were most noticeable in the subgroup of
patients treated with chemoradiotherapy.

The main limitation of this pilot study is the small
number of patients; however, its main strength is that all
patients had paired (FLT and FDG) PET studies three
times prospectively. We analyzed data from multiple
imaging sessions (N =30) with both radiotracers for each
patient, and some clinically important and interesting cor-
relations could be demonstrated. If further studies confirm
the FLT uptake phenotype during treatment as an accurate
predictor of final tumor response, the early identification
of those patients not responding could direct change in
the therapy algorithm potentially improving survival and
quality of life.

Conclusion

The preliminary results of this prospective pilot study
underline the potential of FLT-PET/CT as an indicator of
early response of esophageal cancer to neoadjuvant treat-
ment. Changes in tumor FLT uptake early during treat-
ment appear to be better than FDG to predict the effect of
concurrent neoadjuvant chemoradiotherapy on esophageal
adenocarcinomas. These results support additional studies
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to build upon our observations and validate the clinical
value of FLT-PET/CT in a larger cohort, clarifying the
meaning of interim scan findings in the context of prog-
nostic significance.
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