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Abstract
Purpose  To evaluate the role of positron emission tomography/computed tomography (PET/CT) in predicting pathologic 
complete response (pCR) and identify relevant prognostic factors from clinico-imaging-pathologic features of locally 
advanced esophageal squamous cell carcinoma (eSCC) patients undergoing trimodality therapy.
Methods  We evaluated 275 patients with eSCCs of T3-T4aN0M0 and T1-T4aN1-N3M0 who received trimodality therapy. 
We correlated volume-based PET/CT parameters before and after concurrent chemoradiation therapy with pCR after surgery, 
clinico-imaging-pathologic features, and patient survival.
Results  pCR occurred in 75 (27.3%) of 275 patients, of whom 61 (80.9%) showed 5-year survival. Pre-total lesion glycolysis 
(pre-TLG, OR = 0.318, 95% CI 0.169 to 0.600), post-metabolic tumor volume (post-MTV, OR = 0.572, 95% CI 0.327 to 
0.999), and % decrease of average standardized uptake value (% SUVavg decrease, OR = 2.976, 95% CI = 1.608 to 5.507) 
were significant predictors for pCR. Among them, best predictor for pCR was pre-TLG with best cutoff value of 205.67 and 
with AUC value of 0.591.
Performance status (HR = 5.171, 95% CI 1.737 to 15.397), pathologic tumor size (HR = 1.645, 95% CI 1.351 to 2.002), 
pathologic N status (N1, HR = 1.572, 95% CI 1.010 to 2.446; N2, HR = 3.088, 95% CI 1.845 to 5.166), and post-metabolic 
tumor volume (HR = 1.506, 95% CI 1.033 to 2.195) were significant predictors of overall survival.
Conclusion  Pre-TLG, post-MTV, and % SUVavg decrease are predictive of pCR. Additionally, several clinico-imaging-
pathologic factors are significant survival predictors in locally advanced eSCC patients undergoing trimodality therapy.

Keywords  Esophageal cancer · Neoadjuvant chemoradiotherapy · PET/CT · Volume-based · Standardized uptake value · 
Prognosis
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Introduction

In early-stage or resectable esophageal squamous cell carci-
noma (eSCC), FDG PET/CT has been known to be effective 
for T staging; its efficacy has been comparable with that of 
endoscopic ultrasonography. The maximum standardized 
uptake values (SUVmax) of primary cancers help in dif-
ferentiating various T stages and predicting patient survival 
[1–3].

Many patients with esophageal cancers present with a 
locally advanced disease that may be managed with mul-
timodality therapy such as concurrent chemoradiation 
therapy (CCRT) before surgery [4]. The trimodality ther-
apy (pre-surgical CCRT and surgery) for locally advanced 
esophageal cancers has been reported to improve survival 
[5, 6]. The eSCC has been known to be more sensitive to 
CCRT, demonstrating a higher complete response (CR) 
rate than esophageal adenocarcinoma [7]. With the CR 
to neoadjuvant concurrent CCRT, salvage esophagectomy 
may not be performed because the surgery is prone to post-
surgical morbidity (up to 50%) and mortality (up to 10%) 
[8, 9], and because nonsurgical neoadjuvant CCRT alone 
based on clinical CR leads to a significant survival benefit 
compared to patients who did not undergo esophagectomy 
owing to other reasons [10]. In this context, the accu-
racy of 18F-fluorodeoxyglucose (FDG) positron emission 
tomography/computed tomography (PET/CT) in predict-
ing pCR of primary cancers and lymph node metastasis is 
important. However, there are conflicting data on the role 
of PET/CT in predicting pathologic complete response 
(pCR) [11–13].

In locally advanced eSCC, metabolic parameters at 
PET/CT [14–16], pCR, and other pathologic features 
[17–21], patients’ performance status [22], and surgi-
cal factors [18, 19] have been reported to be associated 
with survival. However, no study has used an integrated 
approach to survival analyses, including imaging and eval-
uations of pathologic and clinical factors, and included a 
large number of patients.

Thus, the purpose of this retrospective study was to evalu-
ate the role of PET/CT in the prediction of pCR, and deter-
mine the most relevant prognostic factors, including PET/
CT parameters and pathologic and clinical features in locally 
advanced eSCC patients undergoing trimodality therapy.

Methods

The Institutional Review Board (IRB) of the Samsung Medi-
cal Center, Seoul, South Korea, approved this study (IRB no. 
2020–06–018). The need for informed consent for reviewing 
the patients’ electronic medical records was waived.

Patient enrollment

Using the Esophageal Cancer Surgery Registry in a tertiary 
referral hospital in Seoul in South Korea, 480 patients who 
received neoadjuvant CCRT followed by esophagectomy and 
lymph node dissection between January 2007 and December 
2018 were identified. All the patients had eSCCs of clinical 
stages of T3-T4aN0M0 or T1-T4aN1-N3M0 according to the 
7th version of the eSCC staging scheme. Among them, 310 
patients who underwent PET/CT studies before and after 
the neoadjuvant CCRT were included. Of the 310 patients, 
12 with cervical esophageal cancer (located proximally or 
15 cm from the incisor teeth on endoscopy) or gastroesoph-
ageal junction cancer (located distally or 40 cm from the 
incisor teeth) were excluded. Additionally, 23 patients with 
difficulty-to-analyze volume-based PET/CT parameters due 
to small tumor size or disturbance from radiation esophagitis 
were excluded (Fig. 1).

PET/CT acquisition and analysis

FDG PET/CT was performed before (mean, 17 days; range, 
1–95 days) and after (mean, 22 days; range, 1–47 days) neo-
adjuvant CCRT.

All the patients fasted for at least 6 h before PET exami-
nation. Blood glucose levels were measured before the 
injection of FDG; they were required to be < 200 mg/
dL. Whole-body PET and unenhanced CT images were 
acquired using two types of PET/CT scanners (Discov-
ery LS, GE Healthcare, Milwaukee, WI, USA; Discovery 
STe, GE Healthcare, Milwaukee, WI, USA) 60 min after 
FDG injection (5.5 MBq/kg). Attenuation-corrected PET 
images (4.3 × 4.3 × 3.9 mm) were reconstructed from the 
CT data using an ordered-subset expectation–maximiza-
tion algorithm (28 subsets, 2 iterations). The standardized 
uptake value (SUV) was derived from the injected dose of 
FDG and the patient’s body weight [2].

One nuclear medicine physician (17 years of experi-
ence in PET/CT interpretation), who was unaware of 
the clinical results, visually and quantitatively analyzed 
the PET images. The physician placed an automatically 
delineated VOI over the primary eSCC lesion, after which 
the software was used to calculate the metabolic tumor 
volume (MTV), maximum SUV (SUVmax), and average 
SUV (SUVavg) within the entire primary cancer. MTV 
was defined as the total tumor volume segmented via the 
threshold SUV (2.5). In addition, we calculated the total 
lesion glycolysis (TLG), which is a composite parameter 
determined by multiplying MTV by SUVavg. [23] We 
measured four PET/CT parameters before and after neo-
adjuvant CCRT and analyzed a total of eight parameters 
as follows: pre- and post-SUVmax, pre- and post-SUVavg, 
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pre- and post-MTV, pre- and post-TLG. In addition, % 
SUVmax decrease ([pre-post/pre] × 100), % SUVavg 
decrease, % MTV decrease, and % TLG decrease were 
analyzed and compared with postsurgical pathology results 
and survival data (PET/CT techniques in the Supplement).

As for nodal station, positive nodes were characterized 
by FDG uptake higher than that of mediastinal blood pool 
within nodes and without increase in nodal CT attenua-
tion compared with mediastinal structure [24, 25]. Lymph 
nodes were classified into 15 nodal-station groups accord-
ing to a modified lymph node mapping system for esopha-
geal cancer [26]. A volume-based analysis was not per-
formed for the positive node(s).

Neoadjuvant concurrent chemoradiation therapy 
and surgery

Thoracic irradiation was delivered to patients with a total 
dose of 44 Gy with 2.2 Gy/fraction over 5 weeks. The chem-
otherapy regimens consisted of weekly intravenous fluoro-
uracil (4000 mg/m2) plus cisplatin (60 mg/m2) on weeks 1 
and 3 in combination with ongoing radiotherapy. Within 3 
or 4 weeks following the completion of neoadjuvant therapy, 
restaging procedures were performed with PET/CT. Unless 
the restaging workup showed evidence of progressive dis-
ease, surgical resection was performed 4–6 weeks following 
the completion of neoadjuvant therapy.

At our institution, transthoracic esophagectomy, gastric 
pull-up through posterior mediastinal route, and stand-
ard two-field LN dissection (Ivor-Lewis procedure) were 

adopted as routine surgical strategies for middle to lower 
thoracic tumors without cervical node involvement, whereas 
3-field resection (McKeown procedure) was selectively per-
formed for tumors within the upper thoracic location or sus-
pected cervical lymph node involvement.

Pathologic evaluation

The resected specimen after neoadjuvant CCRT was 
evaluated by a dedicated pathologist, blinded to the PET/
CT analyses results. Tumors were staged according to the 
American Joint Committee on Cancer staging system, 7th 
edition for eSCC [27]. The degree of pathological response 
to neoadjuvant therapy was scored using a tumor regres-
sion grade (TLG) classification according to the modified 
Mandard scoring system: TRG1 = no residual cancer cells; 
TRG2 = residual cancer cells scattered through the fibrosis; 
TRG3 = increased residual cancer cells with predominated 
fibrosis; TRG4 = residual cancer predominate fibrosis; 
and TRG5 = no regressive changes within the tumor [28]. 
Among them, TRG1 was used for the classification of pCR. 
Pathologic complete response (pCR, i.e., ypT0N0) was 
defined as the absence of viable tumor cells (0%) based on 
the review of the hematoxylin–eosin–stained slides after a 
complete evaluation of a resected specimen, including all 
the regional lymph nodes. Therapy-induced characteristics 
such as necrosis, fibrosis, and foamy histiocyte collections 
were considered to be signs of tumor regression after CCRT. 
The presence of tumor lymphovascular invasion (LVI) or 
perineural invasion (PNI) was also recorded.

Fig. 1   Flowsheet for patients’ 
inclusion
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Patient follow‑up and calculation of disease‑free 
survival and overall survival

After treatment completion, patients were followed-up at 
3-month intervals, and chest CT was performed to detect 
recurrence after 1 year and at 6-month intervals during 
the second postsurgical year. When there was evidence of 
recurrence, additional imaging studies, including whole-
body PET/CT, brain MRI, and bone scans, were performed. 
We diagnosed tumor recurrence based on imaging findings; 
recurrence was confirmed histologically when clinically 
needed. The date of recurrence was defined as the date of 
examination of patients whose diagnoses were based on clin-
icoradiologic findings or the date of histopathologic confir-
mation. Overall survival (OS) was calculated from the date 
of the surgery to that of death from any cause. Disease-free 
survival (DFS) was calculated from the date of surgery to 
that of tumor recurrence or the date of the last follow-up.

Statistical analysis

Continuous and categorical variables were summarized as 
mean (standardized deviation), median (inter-quartile range 
[IQR, 1st quartile–3rd quartile]), and frequency (percentage), 
respectively. Tumor size with skewed distribution was trans-
formed by the natural log after adding 1 to all values because 
of zero values. To compare PET/CT parameters before and 
after neoadjuvant CCRT, paired T test was used. DFS and 
OS rates were estimated using the Kaplan–Meier method 
[29]. For univariable and multivariable analyses, Cox pro-
portional hazards model or logistic regression model was 
used to identify independent factors for DFS, OS, or pCR. 
Prior to multivariable modeling, the variables which had 
P value < 0.1 from univariable analyses were assessed for 
multicollinearity using variance inflation factor (VIF). Vari-
ables with VIF < 3 were entered to a backward elimination 
process, allowing to build the multivariable model [30]. The 
proportional hazards assumption was verified for all vari-
ables by inspection of the plots of Schoenfeld residual for 
covariates [31]. Also, the linearity assumption of association 
between each continuous variable and DFS, OS, or pCR 
was checked with martingale residuals [32] or a plot of log 
odds ratios against the mid-point values for each quartile 
of a continuous variable. Continuous PET/CT parameters 
which did not fulfill the linearity assumption were converted 
to categorical variables after estimating cutoff values with 
the methods based on the maximally selected test statistic 
for outcomes [32–34]. Statistical significance was defined 
as two-tailed P < 0.05. Testing for multiple factors was cor-
rected using Bonferroni’s method due to inflated type I error. 
Statistical analysis was executed using SAS version 9.4 (SAS 
Institute, Cary, NC) and R 4.0.1 (Vienna, Austria; http://​
www.R-​proje​ct.​org/).

Results

Patient characteristics

Of the 275 patients who received trimodality therapy, 265 
had T1-4aN1-3M0 and 10 had T3-4N0M0. Of the 275 
patients, 253 (92.0%) were male. The most common tumor 
location was the middle thoracic (114/275, 41.5%), followed 
by the lower thoracic (84/275, 30.5%) and upper thoracic 
(77/275, 28.0%) esophagus. Regarding pathologic stage, 
stage II was the most common (110/275, 40.0%), followed 
by stage III (70/275, 5.5%), stage I (14/275, 5.1%), and stage 
0 (4/275, 1.5%). Seventy-five patients (27.3%) demonstrated 
pCR after neoadjuvant CCRT (Table 1).

PET/CT findings after neoadjuvant CCRT​

All the values of PET/CT parameters for primary esophageal 
cancers decreased significantly after neoadjuvant CCRT. 
SUVmax values decreased significantly from 15.5 ± 5.9 
(mean ± SD) to 5.4 ± 2.4 (P < 0.001); similarly, SUVavg, 
MTV, and TLG values decreased significantly (5.3 ± 1.5 
to 3.0 ± 0.5; 39.2 ± 29.6 to 11.8 ± 15.4; 228.8 ± 193.4 to 
37.3 ± 49.7, respectively) (Ps < 0.001). Median and range 
of relative % decrease of PET/CT parameters were as fol-
lows: % SUVmax decrease, 65.9 (50.8, 76.3); % SUVavg 
decrease, 42.6 (31.1, 53.0); % MTV decrease, 78.4 (54.4, 
91.1); % TLG decrease, 87.2 (71.1, 95.3) (Table 2).

Prognostic factors related to pathologic complete 
remission

In the univariable analysis, pre-MTV, pre-TLG, post-SUV-
max, post-SUVavg, post-MTV, post-TLG, % SUVmax 
decrease, and % SUVavg decrease were possible predic-
tive factors for pCR (eTable 1 in the Supplement). Due 
to the correlation between post-SUVavg, post-MTV, and 
post-TLG, we analyzed two different models, once with 
the post-SUVavg and post-MTV and once with post-TLG. 
After checking multiple collinearity and performing back-
ward selection, three variables were identically selected (pre-
TLG, post-MTV, % SUVavg decrease), and multiple logistic 
regression analysis was performed with these variables.

In multivariable analysis, a higher pre-TLG (> 205.67) 
was associated with a low probability of pCR (OR = 0.318, 
95% CI = 0.169–0.600, P = 0.0318). A higher post-MTV 
(> 4.99) was associated with a low probability of pCR 
(OR = 0.572, 95% CI = 0.327–0.999, P = 0.0496). Addi-
tionally, a higher % SUVavg decrease (> 45.38) was 
associated with a high probability of pCR (OR = 2.976, 
95% CI = 1.608–5.507, P = 0.0005) (Table 3). The cutoffs 
for each PET parameter related to pCR were as follows: 
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pre-TLG, 205.67; post-MTV, 4.99; % SUVavg decrease, 
45.38. The detailed process of cutoff estimation, includ-
ing sensitivity and specificity, is described in eTable 3 
and eFigure 1.

Patients’ survival

The mean follow-up period was 32  months (range, 
6 days–126 months). By the last follow-up date, 114 of 
the 275 patients (41.5%) had recurrence (mean DFS; 
24 months) and 122 (44.4%) died from any cause (mean 
OS; 32 months). The DFS rates of all the patients at 1, 3, 
and 5 years were 66.1%, 52.9%, and 51.1%, respectively; 
the OS rates were 80.3%, 55.2%, and 48.9%, respectively. 

Table 1   Patient characteristics

Characteristics No. of patients (n = 275) %

Age (mean ± SD) (yrs) 63 ± 8
Sex

  Male 253 92.0
  Female 22 8.0

ECOG-PS
  0–1 270 98.2
  2 5 1.8

Smoking
  Non-smoker 33 12.0
  Current smoker 143 52.0
  Ex-smoker 99 36.0

Clinical T stage
  cT1 11 4.0
  cT2 48 17.5
  cT3 211 76.7
  cT4a 5 1.8

Clinical N stage
  cN0 10 3.6
  cN1 168 61.1
  cN2 87 31.6
  cN3 10 3.6

Clinical stage
  IIB 45 16.4
  IIIA 155 56.4
  IIIB 60 21.8
  IIIC 15 5.5

Pre-operative pathologic grade
  Gx 3 1.1
  G1 19 6.9
  G2 202 73.5
  G3 51 18.5

Tumor location
  Upper thoracic 77 28.0
  Mid thoracic 114 41.5
  Lower thoracic 84 30.5

Tumor size (median IQR]) (cm) 0.2 [0 – 1.8]
Pathologic T stage

  T0 and Tis 121 (116 + 5) 44.0
  T1 33 12.0
  T2 60 21.8
  T3 51 18.5
  T4 10 3.6

Pathologic N stage
  N0 138 50.2
  N1 89 32.4
  N2 34 12.4
  N3 14 5.1

Pathologic stage
  0 4 1.5
  IA/IB 1/13 5.1

Table 1   (continued)

Characteristics No. of patients (n = 275) %

  IIA/IIB 16/94 40.0
  IIIA/IIIB/IIIC/IV 43/8/19/2 26.1
  pCR 75 27.3

Tumor margin
  Free 257 93.5
  Close or involved 18 6.5

LVI
  Negative 239 86.9
  Positive 36 13.1

PNI
  Negative 251 91.3
  Positive 24 8.7

Abbreviations: LVI, lymphovascular invasion; PNI, perineural inva-
sion; SD, standard deviation; IQR, inter-quartile range

Table 2   Comparison of PET/CT findings before and after neoadju-
vant CCRT​

PET/CT finding values were presented as mean ± SD or median 
[inter-quartile range]
Abbreviations: SUVmax, maximum standardized uptake value; 
SUVavg, average standardized uptake value; MTV, metabolic total 
volume; TLG, total lesion glycolysis
a {(Before—After)/Before} × 100 (%)
b Using a paired t-test

% decreasea Before After P valueb

SUVmax 65.9 [50.8, 
76.3]

15.5 ± 5.9 5.4 ± 2.4  < .001

SUVavg 42.6 [31.1, 
53.0]

5.3 ± 1.5 3.0 ± 0.5  < .001

MTV, cm3 78.4 [54.4, 
91.1]

39.2 ± 29.6 11.8 ± 15.4  < .001

TLG, cm3 87.2 [71.1, 
95.3]

228.8 ± 193.4 37.3 ± 49.7  < .001
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For patients with pathologic stage II, the 5-year OS rate was 
52.9%, which was higher than the 16.8% of stage III patients. 
The patients with pCR had the highest 5-year OS rate of 
80.9% (61 of 75 patients). All the survival curves were sig-
nificantly different based on the ypTs, ypNs, and pathologic 
stages (Ps < 0.0001) (Fig. 2). After surgery, the 30-day and 
90-day mortality rates were 0.7% (2/275) and 4.0% (11/275), 
respectively.

Prognostic factors related to patients’ survival

Various clinico-imaging-pathologic parameters were a pos-
sible predictor for patient survival (eTable 2). Owing to the 
correlation between post-SUVavg, post-MTV, and post-
TLG, we analyzed two different models, once with the post-
SUVavg and post-MTV and once with post-TLG.

Regarding the prediction of patients’ OS, post-MTV, 
ECOG score, pathologic tumor size, and pathologic N sta-
tus were selected for multiple logistic regression analysis. 
The cutoff for post-MTV related to OS was 7.53 based on 
the maximally selected test statistic for outcome (eFigure 2). 
Post-MTV (> 7.53) had higher risk of OS compared to post-
MTV (≤ 7.53) (HR = 1.506, 95% CI = 1.033–2.195). ECOG 
score 2 demonstrated higher risk of OS compared to ECOG 
score 0 (HR = 5.171, 95% CI = 1.737–15.397). Pathologic 
tumor size was also independent factor associated with OS 
(HR = 1.645, 95% CI = 1.351–2.002). And, higher patho-
logic N status had higher risk of death; the respective HRs 
(95% CI) were 1.572 (95% CI: 1.010–2.446) and 3.088 (95% 
CI: 1.845–5.166) for N1 and N2 versus N0 status (Table 3).

Regarding the prediction of patients’ DFS, age, patho-
logic T stage and pathologic N stage were selected for 

Table 3   Multivariable analyses for factors affecting pathologic complete remission, overall survival, and disease-free survival

Abbreviations: CI, confidence interval; HR, hazard ratio; LVI, lymphovascular invasion; OR, odds ratio; pCR, pathologic complete remission; 
Ref, reference; SUVavg, average standardized uptake value; TLG, total lesion glycolysis
Bold face = P < .05

OR or HR 95% CI P value

pCR
  Pre-  TLG (> 205.67 vs. ≤ 205.67) 0.318 0.169–0.600 .0004
  Post-MTV (> 4.99 vs. ≤ 4.99) 0.572 0.327–0.999 .0496
  % SUVavg decrease (> 45.38 vs. ≤ 45.38) 2.976 1.608–5.507 .0005

Overall survival
  Post-MTV (> 7.53 vs. ≤ 7.53) 1.506 1.033–2.195 .0331
  ECOG
    ECOG 0 Ref
    ECOG 1 1.547 0.946–2.532 .0824
    ECOG 2 5.171 1.737–15.397 .0032
  Pathologic tumor size 1.645 1.351–2.002  < .0001
  Pathologic N stage
    N0 Ref
    N1 1.572 1.010–2.446 .0452
    N2 3.088 1.845–5.166  < .0001
    N3 1.905 0.922–3.938 .0818

Disease-free survival
  Age 0.975 0.952–0.999 .0423
  Pathologic T stage
    T0 Ref
    T1 1.755 0.956–3.219 .0694
    T2 1.766 1.048–2.975 .0326
    T3 1.897 1.105–3.257 .0202
    T4 4.976 2.221–11.151  < .0001
  Pathologic N stage
    N0 Ref
    N1 2.078 1.319–3.274 .0016
    N2 3.446 2.021–5.875  < .0001
    N3 4.195 2.019–8.715 .0001
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multiple logistic regression analysis. Age (HR = 0.975, 95% 
CI = 0.952–0.999) was an independent factor associated with 
DFS. Higher pathologic T status had a higher risk of recur-
rence; the respective HRs (95% CI) were 1.755 (95% CI: 
0.956–3.219), 1.766 (95% CI: 1.048–2.975), 1.897 (95% CI: 
1.105–3.257), and 4.976 (95% CI: 2.221–11.151) for T1, T2, 
T3, and T4 versus T0 status. And, higher pathologic N sta-
tus also had a higher risk of recurrence; the respective HRs 

(95% CI) were 2.078 (95% CI: 1.319–3.274), 3.446 (95% CI: 
2.021–5.875), and 4.195 (95% CI: 2.019–8.715) for N1, N2, 
and N3 versus N0 status (Table 3).

Kaplan–Meier survival curves illustrated the relation-
ship between prognostic factors and the period of survival 
(Figs. 2 and 3).

Fig. 2   Kaplan–Meier survival curves stratified according to patho-
logic T, N, and M stages. A Overall survival in pathologic T stages. B 
Overall survival in pathologic N stages. C Overall survival in various 

pathologic stages. D Disease-free survival in pathologic T stages. E 
Disease-free survival in pathologic N stages. F Disease-free survival 
in various pathologic stages
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Discussion

Trimodality therapy is currently considered the stand-
ard of care in locally advanced esophageal cancer, and 
randomized studies have shown significant survival 
benefits [6, 35–37]. However, two major randomized 
trials that compared definitive CCRT with trimodality 
therapy based on patient survival showed similar sur-
vival outcomes, even though surgery was associated with 

improved local control after trimodality therapy [38, 39]. 
Since surgical resection could result in high morbidity 
and mortality, if pCR can be predicted by clinic-imaging 
parameters before surgery, it may be avoided. This study 
assessed the values of preoperative clinical parameters 
and FDG PET/CT for predicting pCR in patients with 
locally advanced eSCC who underwent trimodality ther-
apy; PET parameters such as pre-TLG, post-MTV, and % 

Fig. 2   (continued)

Fig. 3   Overall survival curves according to ECOG performance status and post-metabolic tumor volume
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SUVavg decrease appeared to be independent predictive 
factors of pCR.

Valkema et  al. reported that neither qualitative nor 
quantitative analysis of PET/CT can accurately detect 
tumor regression of grades 3–4 (> 10% of vital residual 
tumor) and discriminate substantial residual disease from 
benign inflammation-induced uptake after neoadjuvant 
CCRT [40]. In our study, however, the PET/CT param-
eters could help predict pCR instead. Smaller values of 
pre-TLG and post-MTV and higher value of % SUVavg 
decrease were associated with higher probabilities of pCR; 
and pre-TLG, which is an initial PET/CT parameter before 
CCRT, may have been more meaningful. The importance 
of pre-CCRT TLG value as a predictor of pCR occurs 
because PET/CT parameters after neoadjuvant CCRT may 
be affected by the inflammation caused by CCRT effects 
such as radiation esophagitis.

Additionally, in locally advanced eSCC, volume-based 
parameters may be more meaningful than simple SUV-
max values. SUVmax is based on only a single pixel, not 
considering the entire tumor volume. For locally advanced 
eSCC, exhibiting a larger and more complex morphology 
than early esophageal cancers, volume-based parameters 
may reflect the metabolism of the entire tumor more pre-
cisely. To the best of our knowledge, this is the first study 
that found the initial volume-based PET/CT parameter can 
be used to predict pCR.

% SUVavg decrease was a significant predictor of 
pCR in our study, just as relative changes in PET param-
eters were predictors of pCR or survival in other studies 
[41, 42]. Pathologic tumor response is associated with 
prognosis after trimodality therapy [43, 44]. In cases of 
locally advanced eSCC, Hamai et al. recently reported 
that both post-SUVmax and % SUVmax decrease in 
preoperative PET/CT are significantly associated with 
ypT, ypN, and cancer recurrence after trimodality ther-
apy. They stated that tumor response to neoadjuvant 
CCRT, rather than initial metabolic activity of the pri-
mary tumor, may be an important factor for predicting 
patient prognosis [41]. Similarly, in our study, post-
MTV and % SUVavg decreases, which are affected by 
tumor response to neoadjuvant CCRT, were impor-
tant factors in determining pCR. However, % SUVavg 
decrease was not a predictor of patient’s survival. This 
discrepancy may be partially explained by the difficulty 
in calculating the values of the PET/CT parameters after 
neoadjuvant CCRT. After neoadjuvant CCRT, small 
tumor lesions cannot be reliably distinguished from 
physiologic esophageal metabolism or post-radiation 
esophagitis. In this respect, the importance of pre-TLG 
as a predictor of pCR is further emphasized as described 
above.

There have been many studies to predict pCR using vari-
ous modalities such as EUS, CT, PET/CT, and MRI [45]. 
Restaging after neoadjuvant CCRT and prediction of pCR is 
considered a major challenge because radiologic appearance 
of treated tumor and lymph nodes are difficult to interpret 
due to induced fibrosis and ulceration. Even if there are fac-
tors that can predict pCR with a high probability, there is a 
risk of unjustified omission of surgery without pCR. Gouw 
et al. reported a comparable risk of unjustified omission of 
surgery without ypCR based on CT (12% of all patients), 
PET-CT (21%), and MRI (13%). Currently, an organ-pre-
serving strategy is under investigation by the ESOSTRATE 
and SANO trial [46, 47]. If the evidence for the omission of 
surgery is uncovered in these trials, our findings would be 
more meaningful.

Regarding survival, performance status, pathologic 
tumor size, and N status, and post-MTV were independent 
prognostic factors of OS, whereas age and pathologic T 
and N status were independent prognostic factors of DFS. 
These results are generally consistent with those of previous 
studies that also assessed the prognostic factors of patients 
treated with trimodality therapy [19, 20, 22, 48]. Hamai 
et al. found that the ypN stage and performance status are 
significantly associated with poor prognosis after trimodal-
ity therapy for eSCCs [22]. Guo et al. found that perfor-
mance status and post-CCRT pathologic stage can be used 
to predict the survival of patients with locally advanced 
eSCCs after trimodality therapy [48]. Khan et al. stated 
that pCR, low nodal index, and margin-negative resection 
are predictors of DFS [19]. Similarly, in our study, clinical 
(performance status), pathologic (pathologic tumor size, N 
status), and metabolic imaging (post-MTV) factors were 
significant prognostic factors for predicting the survival of 
patients with locally advanced eSCCs who underwent tri-
modality therapy.

DFS and OS curves differed significantly for pathologic 
T, pathologic N, and pathologic stages; generally, higher 
grades resulted in worse prognoses. However, the survival 
curve of yp0 stage showed a sharp decrease in slope. In 
addition, there was a cross-over between the OS curves of 
yp1 and yp2 stages (Fig. 2C) and an overlap between the 
DFS curves of yp1 and yp2 stages (Fig. 2F). This phenom-
enon may be partly explained by the small number of cases 
involving yp0 (n = 4) and yp1 (n = 14) disease. The findings 
for the yp2, yp3 and yp4, and pCR stages, accounting for 
the majority of cases, demonstrated that the survival rates 
significantly worsened with increasing stage.

Our study has several limitations. First, this study was 
conducted respectively in a single institution. Therefore, 
selection bias could not be avoided. Second, there could be 
an issue with reproducibility in the quantitative measure-
ment of the PET/CT parameters. However, the quantitative 
tumor SUV changes measured across multiple sites and 
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readers show a high correlation [49]. Third, 23 patients who 
had difficult-to-analyze volume-based PET/CT parameters 
were excluded, which may have introduced bias. However, 
the statistical results for the 298 and 275 patients did not dif-
fer. Fourth, in one patient, the time interval between baseline 
PET/CT and CCRT was as long as 95 days. However, the 
time interval for the remaining patients was within 40 days. 
Fifth, there is a limitation of not measuring and analyzing 
SUVpeak, which is known to other established PET param-
eters used for response assessment. Analyzing and compar-
ing SUVpeak will be an interesting topic in the future in 
addition to the PET parameters used in our study. Finally, 
accreditation of PET/CT scanners was not implemented, and 
that is a limitation. However, we tried to perform PET/CT 
with the same scanner before and after neoadjuvant CCRT. 
Of the 275 patients, 208 (76%) adopted the same scanner 
before and after neoadjuvant CCRT. Of the 208 patients, 
187 (90%) used PET/CT scanner of Discovery STe, GE 
Healthcare, Milwaukee, WI, USA. Of the 275 patients, 67 
(24%) patients used different scanners for follow-up imag-
ing before and after neoadjuvant CCRT. Considering that 
harmonization method was not applied for compensation, 
this might have affected the measurement of PET parameters 
and consequent results.

In conclusion, the pre-TLG, post-MTV, and % decrease 
of SUVavg values determined by FDG-PET were signifi-
cant predictors of pCR in patients with locally advanced 
eSCC who underwent trimodality therapy. Thus, preopera-
tive FDG-PET findings may be used to predict the degree of 
tumor response; they should be considered when selecting 
further treatment strategies. Additionally, clinical and path-
ologic features and post-MTV were significant prognostic 
factors for predicting patient survival.
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