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Abstract
Purpose Our purpose was to examine the prognostic value of post-CRT PET based on the presence or absence of FDG-avid
metastatic lymph node(s) and metabolic response of the primary tumor in patients with clinically node-positive ESCC treated
with definitive chemoradiotherapy (dCRT).
Methods We identified 108 eligible patients treated by chemoradiotherapy (CRT) with or without resection from our prospec-
tively collected database. Absence of FDG-avid metastatic lymph nodewith at least partial response of the primary tumor on PET
scan after initial CRTwas defined as the Post-CRT PET favorable group (yPET-F), and otherwise as unfavorable group (yPET-
U). The Kaplan-Meier method and Cox regression were performed for survival analyses and multivariable analysis, respectively.
Results The study cohort was comprised of 59 patients receiving dCRT. Forty-five patients receiving trimodality therapy (TMT)
comprised the comparative group and four patients were excluded from further analyses for developing interval distant metastasis
detected on post-CRT PETscan. Themedian follow-up for the study cohort was 41months. On K-M analysis of the study cohort,
yPET-F was found to have significantly better OS (2-year: 72.5% vs 13.7%, p < 0.01) and DMFS (2-year: 71.6% vs 36.6%, p =
0.01) than yPET-U. In multivariable analysis, yPET-F remained as a strong independent favorable prognosticator on both OS
(HR 0.08, p < 0.01) and DMFS (HR 0.14, p = 0.02) for the dCRTcohort. Compared with TMTcohort, for yPET-U patients, TMT
had better OS (p = 0.03) than dCRT-Operable and dCRT-Operable had superior OS (p = 0.04) than dCRT-Unresectable. For
yPET-F patients, there was no difference in both OS (p > 0.99) and DMFS (p = 0.92) between these three groups.
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Conclusions Absence of FDG-avid metastatic lymph node with at least partial response of the primary tumor on PET scan after
CRT (i.e., yPET-F status) prognosticate for excellent OS and DMFS in cN+ ESCC patients treated with dCRT, and might be
comparable to TMT.
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Introduction

Esophageal squamous cell carcinoma (ESCC) has been
thought to be more chemoradiation-sensitive as compared to
adenocarcinoma histology based on studies [1–3] showing a
higher pathological response rate in ESCC after neoadjuvant
chemoradiotherapy (nCRT). The prognostic value of metabol-
ic response after chemoradiotherapy evaluated by PET scans
has been studied in patients with locally advanced ESCC
[4–9]. Most of the studies were done in patients who received
trimodality therapy (nCRT followed by a planned surgery,
TMT) and focused on SUV parameters of the primary tumor
[4–9]. Recent studies had revealed the prognostic significance
of SUVs of the metastatic lymph node(s) in patients with
ESCC, on both initial staging PET scans [10, 11] and post-
induction chemotherapy PET scans [12, 13]. However, the
prognostic value of the SUVs of the metastatic lymph node(s)
on post-chemoradiotherapy (post-CRT) PET scans in patients
with ESCC treated with definitive chemoradiotherapy (dCRT)
had not been studied. Definitive chemoradiotherapy is the
standard treatment option for patients unfit for surgery and
those who refuse to undergo surgery, and even stated as an
alternative treatment option for patients with operable ESCC
in the ESMO guideline [14], if close surveillance and prompt
salvage surgery could be executed; Thus, finding a non-
surgical and practical way to evaluate treatment response, to
prognosticate and even to guide the next step of management
is of great clinical value. In this study, we aimed to examine
the prognostic value of post-CRT PET imaging based on the
presence or absence of FDG-avid metastatic lymph node(s)
and metabolic response of the primary tumor in patients with
clinically node-positive (cN+) ESCC treated with dCRT.

Material and methods

Patient selection

The institutional review board of our hospital has approved
this study. We evaluated all esophageal cancer patients treated
by CRTwith or without surgery between 2011 and 2015 from
the prospectively assembled cohort in the cancer registry of
our institution. The inclusion criteria were the following: bi-
opsy proven ESCC, staging FDG-PET/CT was done, staged
as cN+, total radiation dose >40 Gy delivered with a

continuous schedule and with chemotherapy as the initial
treatment, post-CRT FDG-PET/CT was done within 8 weeks
after initial CRT, and if planned surgery was performed, it
must be done within 12 weeks after initial CRT. Patients with
a history of prior or synchronous malignancy, or any M1 dis-
ease were excluded. The pretreatment staging examinations
included esophagogastroduodenoscopy (EGD) with biopsies,
endoscopic ultrasound (EUS), chest and abdominal CT with
contrast, and FDG-PET/CT. Clinical staging was based on the
American Joint Committee on Cancer, 7th edition [15].

Treatment

All patients received a course of CRT as the initial treatment.
The prescribed total radiation dose must be >40 Gy and was
delivered with a continuous schedule to be categorized as
Btreatment with curative intent^ according to the treatment
guideline of our institution. The regimens of chemotherapy
were comprised of cisplatin and 5-fluorouracil, paclitaxel and
carboplatin, or paclitaxel and cisplatin. All patients underwent a
treatment response and surgical evaluation at a multidisciplin-
ary tumor conference with post-CRT exams including chest/
abdominal CTwith contrast, EGD/EUSwith or without biopsy,
and FDG-PET/CT. Radical esophagectomywith lymphadenec-
tomy was advised if the patient was eligible (i.e., resectable
disease, medically fit, and no interval distant metastasis detect-
ed on post-CRT imaging). Adjuvant CRTwas suggested to the
patients who had post-operative risk factors. For those who
were not eligible for surgery or refused surgery, consolidation,
CRT was suggested to reach definitive dosage adapting the
protocol of FFCD 9102 phase III trial [16].

FDG-PET/CT

Pretreatment FDG-PET/CT scans were performed for staging
purposes. Post-CRT FDG-PET/CTscans were performed within
8 weeks after initial CRT for treatment response evaluation. The
standardized protocol of the FDG-PET/CTexam, and the model
and specifications of the PET/CTscanners used in our institution
were described in our previous published paper [10]. The volume
of interest for maximum standardized uptake value (SUVmax)
calculation was drawn by edge-finding techniques. Then the
SUVmaxwas calculated based on bodyweight using the follow-
ing formula: PET count at the most intense point × calibration
factor (MBq/kg)/injection dose (MBq)/bodyweight (kg). The
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FDGuptake of the tumorwas visible when SUVmaxwas greater
than 2.5 of the background mediastinal blood pool. Thus, pa-
tients with SUVmax of the primary tumor and lymph nodes of
2.5 or above were determined as PET-positive tumor and PET-
positive lymph nodes, respectively.

Metabolic response by FDG-PET/CT

Metabolic tumor response was quantified using percentage
reduction in SUVmax, and thresholds were defined by

adapted PERCIST criteria (SUVmax) [17, 18]. Metabolic
complete response of the primary tumor (T-mCR) was defined
as complete resolution of F-18 FDG uptake within a measur-
able target lesion so that it is less than the mean liver activity
and indistinguishable from surrounding background blood-
pool levels. Primary tumors that showed a ≥ 30% reduction
in SUVmax after CRT were defined as having a metabolic
partial response (T-mPR) [17]. Progressive metabolic disease
of the primary tumor (T-mPD) was defined as a ≥ 30% in-
crease in SUVmax or presence of new FDG-avid lesion(s) in
a pattern typical of cancer. Stable metabolic disease of the
primary tumor (T-mSD) was disease other than T-mCR, T-
mPR, or T-mPD. Absence of FDG-avidity in the metastatic
lymph node(s) after CRT was classified as post-CRT PET-N
negative [yPET-N(−)]. FDG-PET/CT images were interpreted
by an experienced nuclear medicine specialist, and were peer-
reviewed at the multidisciplinary tumor conference and corre-
lated with computed tomography. Patients who achieved
yPET-N(−) plus either T-mCR or T-mPR were categorized
as BPost-CRT PET-Favorable Group^ (yPET-F); otherwise
they were categorized as BPost-CRT PET-Unfavorable
Group^ (yPET-U).

Comprehensive clinical response

Comprehensive clinical response to initial CRTwas graded as
complete response (cCR), partial response (cPR), stable dis-
ease (cSD) or progressive disease (cPD) based primarily on
CT scan according to Response Evaluation Criteria in Solid
Tumors [RECIST] criteria version 1.1 [19]. In addition, cCR
must also fulfill the following criteria on endoscopic exami-
nation: (1) disappearance of the tumor, (2) disappearance of
ulceration, (3) absence of stricture, and (4) biopsy was nega-
tive for cancer cells.

Post-therapy surveillance

According to the surveillance protocol of our institution,
follow-up clinic appointments were arranged every 3 months
during the first 2 years, every 4–6 months during the third and
fourth years, and every 6–12 months thereafter; imaging was
performed at a specific intervals complying the protocol:
Chest X-ray every 3 months, CT scan every 3 to 6 months,
and EGD every 3 to 6 months or when symptoms indicating
recurrence occurred.

Statistical analysis

The median follow-up time was computed using the reverse
Kaplan–Meier estimator [20]. Categorical variables were de-
scribed by absolute frequency and percentage and numerical
variables were described by median and interquartile range.
The time to a specific endpoint in this study was calculated

Table 1 Patient characteristics of dCRT cohort

dCRT Cohort (N = 59)

Age, years

Median (IQR) 56 (50–64)

Male sex, n (%) 58 (98.3%)

ECOG Performance Status

0 / 1 / 2 12 (20.3%) / 45 (76.3%) / 2 (3.4%)

Tumor Location

Upper / Middle / Lower 28 (47.5%) / 26 (44.1%) / 5 (8.5%)

cT classification, n (%)

T1 / T2 / T3 / T4a / T4b 2 (3.4%) / 6 (10.2%) / 23 (39%)
/ 1 (1.7%) / 27 (45.8%)

cN classification, n (%)

N1 / N2 / N3 11 (18.6%) / 30 (50.8%)
/ 18 (30.5%)

AJCC Stage

IIB / IIIA / IIIB / IIIC 3 (5.1%) / 8 (13.6%) / 11
(18.6%) / 37 (62.7%)

Tumor Grade

Gx / G1 / G2 / G3 3 (5.1%) / 1 (1.7%) / 47
(79.6%) / 8 (13.6%)

Primary Tumor SUVmax

Median (IQR) 17.1 (13.4–22.5)

Initial PET-N

Positive / Negative 55 (93.2%) / 4 (6.8%)

Chemotherapy

Carboplatin/Paclitaxel 35 (59.3%)

Cisplatin/5-FU 23 (39%)

Cisplatin/Paclitaxel 1 (1.7%)

RT dose of the initial CRT

cGy, Median (IQR) 4500 (4140–4600)

Interval time from initial CRT
to post-CRT PET scan
Days, Median (IQR) 32 (27–36)

Received consolidation CRT

Yes / No 34 (57.6%) / 25 (42.4%)

RT dose of the consolidation CRT

cGy, Median (IQR) 2170 (2000–2340)

Abbreviations: dCRT, definitive chemoradiotherapy; RT, radiotherapy; 5-
FU, 5-Fluorouracil; SUVmax, maximum standardized uptake value;
Initial PET-N, nodal status on initial PET scan; IQR, interquartile range
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from the date of diagnosis. The actuarial survival data and
curves were generated by the Kaplan-Meier (K-M) method
and the p-values were determined by the Log-rank test. The
independent influences of various prognostic factors were ana-
lyzed by Cox’s proportional hazards regression model. All tests
were 2-sided, and a P-value <0.05 was considered statistically
significant. We utilized IBM SPSS statistical software (version
23; SPSS, Inc., Chicago, IL, USA) for all statistical analyses.

Results

Patient and treatment characteristics

We identified 108 patients according to the preset inclusion
and exclusion criteria. Four patients (3.7%) were found to
have developed interval distant metastases by the post-
CRT PET/CT and were excluded from further analyses.
Fifty-nine patients were treated with dCRT (i.e., CRTwith-
out a planned surgery) due to unresectable disease (N = 30,
51%), patients’ refusal of surgery (N = 26, 44%), or death
occurred before planned surgery date (N = 3, 5%). These
59 patients comprised the dCRT cohort. Patient and treat-
ment characteristics of the dCRT cohort are summarized in
Table 1. The other 45 eligible patients who were treated
with TMT (CRT followed by a planned surgery) were used
as a comparative group (Fig. 1).

Treatment response evaluation

The metabolic responses of the study cohort after the initial
CRT are shown in Supplemental Table 1, in which T-mCR
was achieved in 13 patients (22%), T-mPR in 41 patients
(69.5%), T-mSD in four patients (6.8%), and T-mPD in one
patient (1.7%). While yPET-N(−) status was achieved in 25
patients (42.4%) after the initial CRT. Out of these 25 patients,
one patient (4%) had T-mSD and was categorized into the
yPET-U group, and the rest (24 patients, 40.7% of the study
cohort) were categorized into the yPET-F group. Ten (38.5%)
out of 26 patients who refused a planned surgery (i.e., operable
patients) and 14 (46.7%) out of 30 patients with unresectable
diseases achieved yPET-F status, while all of the three patients
who expired before planned surgery had a yPET-U status after
the initial CRT. In regards to comprehensive clinical response
evaluation, cCR was achieved in six patients (10.2%), cPR in
43 patients (72.9%), cSD in nine patients (15.3%), and cPD in
one patient (1.7%) after the initial CRT.

Failure patterns and survival analyses

The median follow-up time for the study cohort was 41 months
(95% Confidence Interval: 22.7–59.3 months). During the fol-
low-up, 21 patients (35.6%) had no progression of disease, 17
patients (28.8%) had locoregional failure (LRF) alone, six pa-
tients (10.2%) had distant failure (DF) alone, 15 patients (25.4%)

cN+ M0 ESCC patients who treated between 
2011~2015 as curative intent (received at 
least 4000cGy of initial CRT in continuous 
fashion) with pre- and post-CRT PET/CT 

imaging 

 N=108

Response Evaluation

Study Cohort:  

dCRT (did not receive surgery) 

N=59

Refuse Surgery  

(operable patients) 

N=26

Consolidation 
CRT  

N=17

Observation 

N=9

Unresectable Disease 

1. T4b (N=27) 

2. Unresectable node 
(N=3)

Consolidation 
CRT  

N=17

Observation  

N=13

Died before 
planned surgery 

N=3

Comparison Cohort: 

Trimodality  (received surgery) 

N=45

Adjuvant CRT 

(with risk factors) 

N=12

Observation 

N=33

Interval Distant 
Metastasis 

N=4 
(Excluded from Survival 

Analysis)             

Fig. 1 Flowchart of eligible patients through the study. N+ M0 ESCC: clinically node-positive non-metastatic esophageal squamous cell carcinoma
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had LRF plus DF, and 44 patients (74.6%) died. In K-M analy-
ses, the median overall survival (OS) for the study cohort was
15.4 months, and the 2-year OS and distant metastasis free sur-
vival (DMFS) were 37.1% and 55.8%, respectively.

Comprehensive clinical response significantly correlated
with OS (cCR vs. cPR vs. cSD/cPD; 2-year OS: 83.3% vs.
37.3% vs. 0%; Median OS: 34.1 months vs. 15.4 months vs.
9.7 months; p = 0.01) but not with DMFS (Fig. 2a and b).The

majority of patients (N = 43, 72.9%) was classified as cPR.
Further stratifying the cPR patients by post-CRT PET prog-
nostic groups, two groups of patients with significantly differ-
ent OS (yPET-F vs. yPET-U; 2-year OS: 72.3% vs. 17.8%;
Median OS: 31.7 months vs. 10.3 months; p < 0.01) and bor-
derline different DMFS (2-year DMFS: 67% vs. 37%, p =
0.08) were identified (Fig. 2c and d). When applying the
post-CRT PET prognostic grouping on the whole dCRT

a

b

Pooled: P  0.01

Pooled: P = 0.26

cCR vs cPR: P = 0.19 
cPR vs cSD/cPD: P = 0.01 
cCR vs cSD/cPD: P < 0.01

cCR vs cPR: P = 0.11 
cPR vs cSD/cPD: P = 0.76 
cCR vs cSD/cPD: P = 0.14

c

d

P = 0.08

P < 0.01

Fig. 2 Kaplan-Meier analyses on overall survival and distant-metastasis
free survival in the dCRT cohort. a, b Whole dCRT cohort stratified by
comprehensive clinical response (cCR, N = 6 vs. cPR, N = 43 vs. cSD/

cPD, N = 10). c, d cPR patients stratified by post-CRT PET prognostic
groups (yPET-F, N = 16 vs. yPET-U, N = 27)
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cohort, it distinguished the patients with yPET-F from those
with yPET-U with greater statistical significance, for which
yPET-F had significantly better OS (Median: 31.7 months
vs. 9.9 months; 2-year: 72.5% vs. 13.7%, p < 0.01) and
DMFS (2-year: 71.6% vs. 36.6%, p = 0.01) than yPET-U
(Fig. 3).

Survival results of those who refused surgery (i.e., operable
patients who received dCRT, dCRT-Operable) and those with
unresectable disease (dCRT-Unresectable) were compared
with that of the TMT cohort, which was treated during the
same period of time and selected with same criteria. Twenty-
two (48.9%) out of the 45 patients treated with TMTachieved
yPET-F status after the initial CRT. For the yPET-F patients,
there was no significant difference in both OS (p > 0.99) and
DMFS (p = 0.92) between TMT, dCRT-Operable, and dCRT-
Unresectable (Fig. 4a and b). The locoregional progression
free survival (LRPFS) had no significant difference between
TMT and dCRT-Operable (2-year LRPFS: 76.7% vs. 55.6%,
respectively; p = 0.21). In contrast, for the yPET-U patients
(Fig. 4c and d), there was a significant difference on OS be-
tween TMT, dCRT-Operable and dCRT-Unresectable
(Median OS: 27.4 months vs. 11.7 months vs. 9.2 months;
2-year OS: 64.6% vs. 25% vs. 0%; pooled p < 0.01). With
pairwise comparisons using the Log-Rank test, the TMT sub-
group had superior OS than did the dCRT-Operable subgroup
(p = 0.03), and the dCRT-Operable subgroup had better OS
than the dCRT-Unresectable subgroup (p = 0.04). In terms of
DMFS, there was a trend for difference between the three
groups (2-year DMFS: TMT 55.1% vs. dCRT-Operable
46.4% vs. dCRT-Unresectable 0%, pooled p = 0.19).

Univariable and multivariable analyses

Results of the univariable analysis of the influence of various
clinical factors on OS and DMFS in the dCRT cohort are
shown in Supplemental Table 2. Relevant clinical factors as
shown in Table 2 were entered into the subsequent multivar-
iable Cox regression model. After adjusting for the potential
confounders, yPET-F remained as a strong independent favor-
able prognostic factor for both OS (HR 0.08, p < 0.01) and
DMFS (HR 0.14, p = 0.02); In addition, cT4 stage and grade 3
tumor histology were independent poor prognostic factors for
OS; While younger age, higher initial tumor SUVmax and
grade 3 tumor histology were independent poor prognostic
factors for DMFS.

Discussion

Recent data has made evident that clinical stage groups did not
match with the pathologic stage groups in terms of prognostic
implications, with cTNM giving poorer survival for early
stage patients and better survival for advanced stage ones
[21]; and that survivals were different between patients who
received neoadjuvant therapy and those who received esoph-
agectomy alone [22]. Thus, for better prognostic accuracy,
separate ypTNM stage groups were introduced in the Eighth
edition AJCC cancer staging manual for esophageal cancer
patients who received TMT [23]. However, there is a lack of

a

b

P < 0.01

P = 0.01

Fig. 3 Kaplan-Meier analyses on overall survival and distant-metastasis
free survival in the whole dCRT cohort stratified by post-CRT PET
prognostic groups (yPET-F, N = 24 vs yPET-U, N = 35)
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practical and useful post-treatment prognostic grouping for
esophageal cancer patients who received dCRT. In this study,
we proposed a novel prognostic grouping (Favorable group
vs. Unfavorable group) by post-CRT PETscan for cN+ ESCC
patients treated with dCRT. The rationale for defining the
post-CRT PET favorable group as Babsence of FDG-avid met-
astatic lymph node with at least partial response of the primary
tumor^ was based on the results of previous studies [9, 12,

13]: Two Japanese studies examined the prognostic value of
FDG uptake in the metastatic lymph node(s) after induction
chemotherapy (ICT) in patients with ESCC treated with ICT
followed by surgical resection found that absence of FDG-
avid metastatic lymph node after ICT was associated with a
less number of pathological positive lymph nodes, lower dis-
tant metastasis rate, higher relapse free survival and better OS
[12, 13]. A study from MD Anderson Cancer Center found

a c

b d

Pooled P < 0.01

Pooled P = 0.19

Pooled P > 0.99

Pooled P = 0.92

Fig. 4 Kaplan-Meier analyses on overall survival and distant-metastasis
free survival, comparing patients who refused surgery (dCRT-Operable),
patients with unresectable disease (dCRT-Unresectable) and patients
treated with trimodality therapy (TMT). a, b Patients in yPET-F group:

TMT (N = 22), dCRT-Operable (N = 10), and dCRT-Unresectable (N =
14). c, d Patients in yPET-U group: TMT (N = 23), dCRT-Operable (N =
16) and dCRT-Unresectable (N = 16)
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that a partial metabolic response of the primary tumor after
CRT was associated with better OS in esophageal cancer pa-
tients treated with TMT [9].

The majority of patients (95%) of our study cohorts were
stage III and translated into a median OS around 15.4 months
and 2-year OS around 37.1%, which was comparable to the
previous studies on ESCC patients treated with dCRT
[24–26]. In the current study, patients could be stratified into
groupswith distinct survival prognoses according to the tumor
responses evaluated by CT scan and EGD with biopsy.
However, this method had allocated most of the patients
(72.9% of the cohort) into a single group, cPR. When strati-
fying the cPR patients according the two post-CRT PET prog-
nostic groups, we identified that these two groups of patients
had significantly different OS, with the survival of yPET-F
approaching that of cCR patients and the survival of yPET-
U approaching that of cSD/cPD (Fig. 2c and d). Thus, prog-
nosticating the heterogeneous cPR patients with an averaged
OS is inappropriate. We proposed that it would be more ap-
propriate to designate cN+ ESCC patients treated with dCRT
into two groups (yPET-F vs. yPET-U) using the post-CRT
PET prognostic grouping for prognostic implications (Fig. 3).

Esophageal cancer with squamous cell carcinoma histolo-
gy is thought to be more chemoradiation-sensitive than those
with adenocarcinoma histology. In fact, two prospective ran-
domized trials evaluated the effect of adding surgery to CRT.
Stahl et al. reported no OS difference between adding surgery
and adding additional radiotherapy after induction chemother-
apy plus CRT in patients with locally advanced ESCC [27].

Similarly, Bedenne et al. also reported that in ESCC patients
who experienced a response (evaluated by esophagogram and
improvement of dysphagia) to initial CRT, there was no sur-
vival benefit from adding surgery following initial CRT com-
pared with dCRT with additional CRT [16]. However, both
trials reported a higher locoregional relapse rate in the dCRT
group compared to the TMT group. In the current study, for
the yPET-F patients, there was no significant difference in OS
and DMFS between the dCRT-Operable subgroup and the
TMT subgroup. In addition, half of the yPET-F patients who
refused surgery remained free from locoregional progression
after dCRT by the time of last follow-up, and four out of the
five locoregional progressions were successfully salvaged by
surgery (two out of three patients who experienced a local
progression on first failure underwent a salvage esophagecto-
my with lymphadenectomy and both patients who experi-
enced an isolated nodal progression on first failure underwent
a salvage lymphadenectomy alone). In fact, 70% of the yPET-
F patients who refused surgery remained esophagectomy-free
and local progression-free by the time of last follow-up. A
large multicenter study reported that salvage surgery after
dCRT can offer similar overall and disease-free survival com-
pared with upfront TMT, and there was no significant differ-
ence in major complications and in-hospital mortality [28].
Thus, we hypothesize that dCRT with salvage surgery on de-
mand may be a treatment option in operable cN+ ESCC pa-
tients who achieved yPET-F status after CRT. In addition, the
current study found that there were no significant OS and
DMFS differences between the operable patients and the

Table 2 Multivariable analysis of
the dCRT cohort by Cox
proportional hazard regression

OS DMFS

Clinical Characteristics HR (95% CI) P-value HR (95% CI) P-value

Age, years (Continuous) 0.37 0.90 (0.84, 0.96) <0.01

ECOG Performance Status

0 vs. 1/2 (ref) 0.78 0.57

Tumor Location

Upper vs 0.26 0.99

Middle/Lower (ref)

Tumor Grade

G3 vs. Gx/G1/G2 (ref) 3.26 (1.20, 8.91) 0.02 8.03 (1.90, 33.91) <0.01

Initial T-Stage

cT4 vs. cT1–3 (ref) 2.23 (1.04, 4.79) 0.04 0.84

Initial N-Stage

cN3 vs. cN1–2 (ref) 0.26 0.31

Initial Tumor SUVmax (Continuous) 0.76 1.08 (1.01, 1.14) 0.02

Post-CRT PET prognostic group

Favorable vs. Unfavorable (ref) 0.08 (0.03, 0.22) <0.01 0.14 (0.03, 0.70) 0.02

Abbreviations: dCRT, definitive chemoradiotherapy; SUVmax, maximum standardized uptake value; HR, hazard
ratio; OS, overall survival; DMFS, distant metastasis-free survival; ref., reference group; 95%CI, 95% confidence
interval
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unresectable patients treated with dCRT when yPET-F status
was achieved after CRT, and a high rate (46.7%) of yPET-F
status after the initial CRT was observed among the
unresectable patients in our study cohort. In contrast, for op-
erable patients with yPET-U status after CRT, adding an up-
front surgery (TMT) may improve the OS. Thus, TMTshould
be the treatment of choice in this group of patients.

We acknowledge that this study suffers from several major
limitations including: (1) the results of a retrospective study
might suffer from methodological and analytical variability;
(2) a small sample size of the study especially in subgroups
analysis and (3) selection bias and confounders could not be
fully eliminated in a retrospective study. The results of this
study are hypothesis generating and should be validated by
future prospective studies with a large sample size.

Conclusion

This study showed that absence of FDG-avid metastatic
lymph node with at least partial response of the primary tumor
on PET scan after CRT (i.e.,e yPET-F status) was a strong
favorable prognosticator on OS and DMFS for patients with
cN+ ESCC treated with dCRT. Our data suggested that pa-
tients treated with dCRT who achieved yPET-F status might
have OS and DMFS rates comparable to trimodality therapy.
In contrast, for operable patients with yPET-U status,
trimodality therapy may provide better OS than dCRT. The
results of this study have implications for the design of future
clinical trials, and for a more appropriate selection of an indi-
vidualized treatment approach.
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