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Abstract

Background: Neoadjuvant chemoradiotherapy (nCRT) followed by surgery is a currently widely used strategy for
locally advanced esophageal cancer (EC). However, the conventional imaging methods have certain deficiencies in
the evaluation and prediction of the efficacy of nCRT. This study aimed to explore the value of functional imaging in
predicting the response to neocadjuvant chemoradiotherapy (nCRT) in locally advanced esophageal squamous cell
carcinoma (ESCQ).

Methods: Fifty-four patients diagnosed with locally advanced ESCC from August 2017 to September 2019 and
treated with nCRT were retrospectively analyzed. DW-MRI scanning was performed before nCRT, at 10-15 fractions of
radiotherapy, and 4-6 weeks after the completion of nCRT. '8F-FDG PET/CT scans were performed before nCRT and
4-6 weeks after the completion of NCRT. These '8F-FDG PET/CT and DW-MRI parameters and relative changes were
compared between patients with pathological complete response (pCR) and non-pCR.

Results: A total of 8 of 54 patients (14.8%) were evaluated as disease progression in the preoperative assessment. The
remaining forty-six patients underwent operations, and the pathological assessments of the surgical resection speci-
mens demonstrated pathological complete response (pCR) in 10 patients (21.7%) and complete response of primary
tumor (pCR-T) in 16 patients (34.8%). The change of metabolic tumor volume (AMTV) and change of total lesion gly-
colysis (ATLG) were significantly different between patients with pCR and non-pCR. The SUVmax-Tg., MTV-T ., and
TLG-T o Of esophageal tumors in '8F-FDG PET/CT scans after necadjuvant chemoradiotherapy and the A SUVmax-T
and AMTV-T were significantly different between pCR-T versus non-pCR-T patients. The esophageal tumor apparent
diffusion coefficient (ADC) increased after nCRT; the ADCy,ing, ADCoo5 and AADCy g Were significantly different
between pCR-T and non-pCR-T groups. ROC analyses showed that the model that combined ADCyyi,q With TLG-T,
had the highest AUC (0.914) for pCR-T prediction, with 90.0% and 86.4% sensitivity and specificity, respectively.
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Conclusion: '"8F-FDG PET/CT is useful for re-staging after nCRT and for surgical decision. Integrating parameters of
18F-FDG PET/CT and DW-MRI can identify pathological response of primary tumor to nCRT more accurately in ESCC.

Keywords: Esophageal squamous cell cancer, Neoadjuvant chemoradiotherapy, Pathological complete response,

18E_FDG PET/CT, DW-MRI

Background

Esophageal cancer (EC) is the seventh most frequently
diagnosed cancers and the sixth leading causes of can-
cer death worldwide [1]. It is one of the most common
malignancy in China, with the third highest morbidity
and mortality rate [2]. More than 90% of patients with
EC in China have esophageal squamous cell carcinoma
(ESCC). The CROSS study established the position of
neoadjuvant chemoradiotherapy for esophageal cancer
treatment [3]. Neoadjuvant chemoradiotherapy (nCRT)
followed by surgery is currently widely used strategy for
locally advanced EC. The NEOCRTEC5010 study showed
that patients with ESCC were more likely to benefit from
nCRT with higher pathological complete response (pCR)
and better survival [4].

Many studies have revealed that patients who achieved
pCR after nCRT had the most favorable survival [5, 6].
For the pathological complete responders, active surveil-
lance or definitive chemoradiotherapy might be an alter-
native choice which can preserve organ function instead
of esophagectomy, but the outcome of this strategy still
needs further research to confirm [7]. For patients with
obvious residual tumor or progression after nCRT, the
benefits from nCRT are limited [8]. Thus, early surgi-
cal intervention might be required or alternative neo-
adjuvant treatment methods for these patients should
be explored, neoadjuvant immunotherapy, for example.
Therefore, it is very important to accurately assess and
predict the efficacy of neoadjuvant chemoradiotherapy
and that can help us understand the prognosis of patients
in time and perform better treatment strategies.

At present, conventional imaging methods have cer-
tain defects (focus only on the volume change) in the
evaluation of the efficacy of nCRT. Whereas functional
imaging can more comprehensively reflect the biologi-
cal and microstructural characterization of tumors. The
changes of these aspects of tumors can be observed ear-
lier than volumetric changes of tumors. The use of the
BE_FDG tracer in PET/CT allows for an assessment of
cellular glucose metabolism in tumors by measuring the
standardized uptake value (SUV) that can be comple-
mentary in discriminating treatment response [9, 10].
Diffusion-weighted imaging (DWTI) is a functional mag-
netic resonance imaging technique that enables detec-
tion of Brownian motion of water protons in tissues and a
quantitative measure of tissue micro-environment. More

recently, several studies showed the apparent diffusion
coefficient (ADC) measured using DWI might be useful
in predicting pathological response to nCRT in esopha-
geal cancer before imaging volume change occurred [11,
12].

Integrating '®F-PET/CT and DW-MRI may provide
comprehensive information for cancer response [13, 14].
Therefore, the aim of the present study was to evaluate
the value of F-FDG PET/CT and DW-MRI to assess
and predict pathological response in patients who under-
went nCRT for ESCC.

Methods

Patients

Patients with biopsy and imaging proved local advanced
esophageal squamous cell cancer who were considered
eligible for neoadjuvant chemoradiotherapy followed
by esophagectomy were retrospectively analyzed. All
the patients were ¢T3-4NOMO or c¢T1-4N1-2MO [15].
The study was approved by the Medical Ethics Commit-
tee of our institute and all the patients provided written
informed consent.

Treatment

All the patients received paclitaxel/cisplatin chemother-
apy and concurrent radiotherapy. Each patient received
radiation of 41.4 Gy/23 fractions complied by intensity
modulated radiotherapy or volumetric modulated arc
therapy. The gross tumor volume (GTV) was defined
as the primary tumor and suspected metastatic lymph
nodes determined by enhanced CT and PET/CT. Elec-
tive nodal irradiation was used in our study. The clinical
target volume (CTV) included 3 cm expansion of GTV
to proximal and distal margins and 5 mm towards radial
direction, and also included the regional lymph nodes
which were prophylactic irradiated. Planning target vol-
ume (PTV) was created from CTV by adding a uniform
margin of 5 mm. One of two regimens was selected for
concomitant chemotherapy, including 1. 3-weekly regi-
men: paclitaxel 135 mg/m?+ cisplatin 75 mg/m?* every
3 weeks for 2 cycles; 2. weekly regimen: paclitaxel 45 mg/
m?+cisplatin 25 mg/m? weekly for 5 cycles. Approxi-
mately 4 to 6 weeks after the completion of chemoradio-
therapy, patients underwent clinical re-staging. Patients
without disease progression (non-PD) were scheduled
for surgery and patients who had progressive disease
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did not proceed to surgery but the second-line systemic
treatment. Surgery was performed 6 to 8 weeks after
completion of chemoradiotherapy. A minimal invasive
McKeown or Ivor Lewis esophagectomy was performed,
including two-field lymphadenectomy or three-filed lym-
phadenectomy in individual patients.

Pathologic assessment

Pathological examination of the surgical resection speci-
men was assessed by pathologists who were blinded
to the results of '®F-FDG PET/CT and DW-MRI scans.
Patients were staged in accordance with the 7th edition
of the Union for International Cancer Control (UICC)
[15]. Pathological complete response (pCR) was defined
as the absence of residual tumor cells in the primary site
and resected lymph nodes. Complete response of pri-
mary tumor (pCR-T) was defined as no evidence of resid-
ual tumor cells in the primary site.

Image acquisition and analysis

Patients underwent '°F-FDG PET/CT scanning at 2
time points, before nCRT (PET/CT),,) and 4-6 weeks
after the completion of nCRT before surgery (PET/
CT,o). PET was performed with a dedicated whole-
body PET/CT scanner (Biograph mCT, Siemens Sys-
tems). All patients fasted for at least 6 h before PET
scan and demonstrated blood glucose levels lower than
7 mmol/L at the time of injection. The dose of *F-FDG
injection was 0.1 mCi/kg of body weight. The PET/CT
scan began 45-60 min after the 18F-FDG injection. An
unenhanced CT image was obtained from the base of
the skull to midthigh using 120 kV, 140 mA, and slice
thickness of 5.0 mm. Immediately after CT, PET was
performed covering the same field. The acquisition time
for PET was 4-5 min per table position. Patients were
instructed to breathe shallowly during the acquisition of
CT and PET. Two radiologists blinded to the clinical data
independently analyzed the PET/CT imaging. A radiolo-
gist first identified the approximate center of the tumor
then the software automatically drew a region of interest
(ROI). The primary lesion of the esophagus with adja-
cent para-esophageal lymph nodes (T) and the regional
lymph nodes (LN) were contoured separately. The soft-
ware automatically calculated SUVmax, SUVmean, and
metabolic tumor volume (MTYV). Total lesion glycolysis

(TLG)=SUVmean x MTV, ASUV=(SUV,,,—SUV,.)/
SUV e AMTV = (MTV, o — MTV,,)/IMTV,,,,
ATLG = (TLG, g — TLG )/ TLG .

Patients underwent MRI scanning at three time points,
including before nCRT (MRIpre), 2-3 weeks (10-15
fraction) during nCRT (MRl,,), and 4—6 weeks after
the completion nCRT (MRIL,,). A Philips Intera 3.0 T
MRI was used. All patients were scanned in the supine
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position and were trained before the examination to
take shallow slow breaths. The transverse scanning
range only included esophageal primary lesions. Sagittal
and transverse T2-weighted images were obtained. The
parameters for the upper and middle lesions included
a 1100-1300 ms repetition time (TR), 90 ms echo time
(TE), 4 mm thickness, 0.4 mm spacing, 323 x 215 matrix,
and 2.00 incentive times (NEX). The parameters for the
lower lesions included 1336 ms TR, 90 ms TE, 3 mm
thickness, 0.5 mm spacing, 280 x 245 matrix, and 2.00
NEX. DW-MRIs were then obtained by a single-shot
spin echo echo-planar imaging (SE-EPI) sequence with
b values of 0 and 800 s/mm2 (1067 ms TR, 66 ms TE,
3 mm thickness, 0.3 mm spacing, 132 x 114 matrix size,
and 2.0 NEX). All original DW-MRIs were transferred
to a workstation (Philips Intellispace Portal v6.0) to cre-
ate ADC maps. Two experienced radiologists blinded to
the clinical data were responsible for the interpretation
of the images. The lesion location was determined on
the T2-weighted images. An axial slice of the DWI that
showed the most predominant tumor size correspond-
ing to T2-weighted images was selected. The region of
interest (ROI) was contoured manually and encompassed
the entire essence of the tumor displayed on the ADC
map, excluding areas of necrotic, cystic, or hemorrhagic
change. AADC ying = (ADCyying — ADC,,.)/ADC
AADC,,=(ADC, — ADC,,)/ADC,,..

post pre

pre pre?

post

Statistical analysis

The Mann—Whitney U test was used to compare the
parameters of F-FDP PET/CT and DW-MRI between
patients with different responses. Logistic regression was
used to create a combined predicting model. All tests
were performed using SPSS 26.0. The diagnostic perfor-
mance for the detection of complete response was cal-
culated by receiver operator characteristic (ROC) curve
analysis. The areas under the curve (AUCs) and the diag-
nostic performance measures sensitivity and specificity
were calculated by using MedCal software. A statisti-
cally significant difference was identified when p value
was <0.05 (two-sided).

Results

Patients’ characteristics and treatment outcomes

A total of 66 consecutive patients newly diagnosed locally
advanced esophageal cancer underwent neoadjuvant
chemoradiotherapy at our Institute between August 2017
and September 2019. A total of 12 patients were excluded
from the analysis because, six patients had neither '°F-
FDG PET/CT nor DW-MRI examination, one patient
withdrew after neoadjuvant chemoradiotherapy and five
patients refused surgery. The remaining 54 patients were
eligible for analysis. A total of 51 patients had PET/CT
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scans before and after nCRT and 43 patients had MRI
scans before, during and after nCRT. The baseline charac-
teristics of these patients are outlined in Table 1. A total
of 8/54 patients (14.8%) demonstrated disease progres-
sion during preoperative assessment. Forty-six patients
underwent operation, and the pathological assessments
of surgical resection specimens demonstrated patho-
logical complete response (pCR) in 10 patients (21.7%)
and complete response of primary tumor (pCR-T) in 16
patients (34.8%). 29 patients were pathological negative
of lymph node and 17 patients were positive including
13 patients with pN1 and 4 patients with pN2. No sig-
nificant differences were observed in age, tumor location,
tumor length, clinical stages, or chemotherapy regi-
mens between patients with pCR and non-pCR. Figure 1
showed ®F-FDG-PET/CT and DW-MRI images from a
patient with pCR to nCRT.

8F-FDG PET/CT for re-staging and predicting pCR of all
lesions

In the "F-FDG-PET/CT scans before operation, eight
patients showed disease progression. In these patients,
three patients displayed multiple distant metastases, one
patient had a single anterior serratus muscle metastasis
confirmed by biopsy, one patient showed an enlarged
lymph node with corresponding increased uptake of
FDG, and three patients demonstrated newly diagnosed
lymph nodes (one case with supraclavicular lymph node
metastasis and two cases with para-aortic lymph node
metastasis).

On the restaging PET/CT, 26 patients had positive
regional lymph nodes (SUV higher than the normal tis-
sues of mediastinum, usually higher than 2.5) and 13 of
them had pathologically confirmed positive lymph nodes.
The sensitivity and specificity of PET/CT for pN + stag-
ing was 76.5% and 51.9% respectively. A total of 30 path-
ological positive lymph nodes from 17 patients were
detected in surgical specimens, in which 11 pathological
positive lymph nodes from seven patients had not been
identified by either baseline PET/CT or preoperative
PET/CT.

The pre- and post-nCRT ¥F-FDG PET/CT parameters
SUVmax, MTV and TLG of total lesions were analysed.
These parameters of both pre- and post-nCRT 'F-FDG
PET/CT were not significantly different between pCR
and non-pCR group (p>0.05). However, the changes in
MTV and TLG from baseline *F-FDG PET/CT scans
to scans acquired after nCRT were significantly differ-
ent between patients with pCR and non-pCR [AMTV
(median, IQR):—0.90 (—0.86,—0.94) for pCR ver-
sus—0.78 (—0.59,—0.83) for non-pCR, p=0.00, and
ATLG (median, IQR): —0.97 (— 0.92, — 0.99) for pCR ver-
sus— 0.90 (—0.86,—0.94) for non-pCR, p=0.01]. ROC
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analyses for AMTV and ATLG resulted in AUCs of 0.816
and 0.787, respectively, for discriminating pCR from non-
pCR. Using 0.84 as cut-off value of AMTYV, 16 patients
were evaluated as clinical complete response (cCR) and
8 in which were pCR. The sensitivity and specificity of
AMTYV for predicting pCR of total lesion was 88.9% and
77.1% respectively.

18E_FDG PET/CT and DW-MRI parameters for predicting
PCR of esophageal primary tumor

The relationship between the '8F-FDG PET/CT param-
eters in esophagus tumors and pathological complete
response of primary tumors (pCR-T) are shown in
Table 2. The SUVmax, MTV, and TLG in the *F-FDG
PET/CT scans after neoadjuvant chemoradiotherapy
were significantly different between pCR-T versus non-
pCR-T patients [SUVmax,, (median, IQR): 4.19 (3.28,
4.73) for pCR-T versus 5.65 (3.99,8.76) for non-pCR-T,
p=0.02, MTV, (median, IQR): 2.28 (1.15, 3.55) for
pCR-T versus 5.23 (2.94, 6.89) for non-pCR-T, p =0.00,
and TLG,, (median, IQR): 6.97 (3.74,11.62) for pCR-T
versus 17.13 (9.09,28.30) for non-pCR-T, p=0.00]. The
changes in SUVmax and MTV from baseline *F-FDG
PET/CT scans were significantly different between
patients with pCR-T versus non- pCR-T, but ATLG val-
ues were not significantly different between patients with
pCR-T versus non- pCR-T.

The primary tumor ADCs of baseline DW-MRI scans
were not significantly associated with pathological com-
plete response of primary tumors (pCR-T). Following
chemoradiotherapy, the primary tumor ADC increased,
the ADCgyying ADCo and AADCy,, were signifi-
cantly different between pCR-T and non-pCR-T groups
[ADCfyring (median, IQR): 2.70 (2.57, 2.93) for pCR-T
versus 2.13 (1.71, 2.32) for non- pCR-T, p=0.00, ADC,,
(median, IQR): 2.82 (2.75, 2.90) for pCR-T versus 2.46
(2.26, 2.84) for non- pCR-T, p=0.02, and AADCy,,,.
ing (median, IQR): 0.89 (0.63,1.27) for pCR-T versus
0.48 (0.37, 0.80) for non- pCR-T, p=0.00], however the
AADC,,, was not significantly different between these
two groups (Table 3).

For predicting pCR of the esophageal primary tumor,
the ROC-AUC value for SUVmax-T,,, MTV-T s, TLG-
Tpost, ASUVmMax-T, ADCyyine ADCp and AADCyyying
showed high z statistics with P value<0.05 (Table 4). To
evaluate the complementary value of ®F-FDG PET/CT
and DW-MRI parameters, we created a logistic regres-
sion model for pCR-T prediction. ROC analyses for the
ADCyying combined with TLG-T ., model showed the
highest AUC of 0.914 compared with their individual val-
ues (Fig. 2). The sensitivity and specificity of the model
to predict pathological response of primary tumor was
90.00% and 86.36%, respectively.
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Fig. 1 Images from a patient with a cT3NTMO lower thoracic esophageal squamous cell carcinoma with pathological complete response to
neoadjuvant chemoradiotherapy. A, B: PET/CT images before nCRT; C, D: PET/CT images five weeks after nCRT; E, G, I: T2 weighted MRl images, F,
H, J: DW-MRI images (b value =800 s/mm?); E, F: before nCRT; G, H: 13 fractions during nCRT; I, J: five weeks after nCRT. PET/CT positron emission
tomography/computed tomography; DW-MR/ diffusion-weighted magnetic resonance imaging

Discussion

Our study has investigated both F-PET-CT and DW-
MRI to access the histopathological response of nCRT in
patients with esophageal squamous cell cancers. The pre-
operative F-FDG PET/CT image is useful in detecting
interval metastases, and our quantitative analysis showed
that changes of MTV and TLG from baseline FDG-PET/

CT images were significantly different between patients
with pCR and non-pCR. The preoperative 3F-FDG PET/
CT SUVmax, MTV, and TLG of esophageal primary
tumors and the changes of SUVmax from baseline FDG
PET/CT images were useful for detecting the complete
response of esophagus tumors. The ADC value of preop-
erative DW-MRI could differentiate complete response
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Table 1 Clinical characteristics of the study population

Characteristics All(n=54) pCR(n=10) Non-pCR(n=36) P

n (%) n (%) n (%)

Age 0.67
Mean(range) 63 (48,75)  63(55,70) 62 (48,75)
<60 15(27.8) 2(20.0) 12(333)
>60 39(72.2) 8(80.0) 24 (66.7)

Sex 0.50
Male 49 (90.7) 10 (100.0) 31(86.1)
Female 5(9.3) 0(0.0) 5(13.9)

Tumor location 0.28
Proximal 8(14.8) 2(20.0) 5(13.8)
Middle 16 (29.6) 1(10.0) 13(36.2)
Distal 30 (55.5) 7 (70.0) 18 (50.0)

Length, cm 047
Mean (range) 6 (3,10) 6 (4,9) 6(3,10)
<6cm 38(704) 6 (60.0) 28(77.8)
>6cm 16 (29.6) 4 (40.0) 8(222)

Clinical T stage 039
T1-2 2(3.7) 1(10.0) 1(2.8)
13-4 52(96.3) 9(90.0) 35(97.2)

Clinical N stage 0.61
N negative 3(48.1) 1(60.0) 2 (50.0)
N positive 51(51.9) 9 (40.0) 34 (50.0)

Clinical stage 0.91
Il 2(3.7) 1(10.0) 1(2.8)
Il 52(96.3) 9(90.0) 35(97.2)

Chemotherapy
Weekly 32(59.3) 4 (40.0) 21(58.3) 0.50
3-weekly 22 (40.7) 6 (60.0) 15 (41.7)

Table 2 '®F-FDG PET/CT parameters between patients with
pCR-T and non-pCR-T

Parameters pCR-T (n=15) non-pCR-T (n=29) P value
Mean (IQR)
SUVmax-T,,,  20.76(16.82,25.63) 19.94(16.82,25.13) 0.78
MTV-Tje 18.06(10.95,36.03) 22.44(14.21,29.58) 0.59
TLGThe 173.42(64.96,339.75) 196.60(116.30,270.60)  0.59
SUVmax-Tyo  4.19(3.28/4.73) 5.65(3.99,8.76) 0.02
MTV-T o5t 2.28(1.15,3.55) 5.23(2.94,6.89) 0.00
TLGTpost 6.97(3.74,11.62) 17.13(9.09,28.30) 0.00
ASUVmax-T —0.80(—0.76,—0.85) —0.70(-0.58,—0.79) 0.01
AMTV-T —090(—0.66,—095) —0.77(—063,—086) 0.04
ATLG-T —096(—081,—099) —089(—-087,—095) 007

P values less than 0.05 are indicated in bold italics

'8 F-FDG-PET/CT "8F-Fluorodeoxyglucose-positron emission tomography/
computed tomography; pCR-T complete response of primary tumor; SUVmax
maximum standard uptake value; MTV metabolic tumor volume; TLG total lesion
glycolysis
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Table 3 DW-MRI parameters between patients with pCR-T and

non-pCR-T

Parameters pCR-T(n=12) non-pCR-T(n=23) P value
Mean (IQR)

ADC, (x 10°mm?/s)  138(1.19,1.60) 1.38(1.07,1.57) 0.57

ADCiying 2.70(2.57,2.93) 2.13(1.71,2.32) 0.00

(x 107 mm?/s)

ADC i (x 1072 mm?/s)  2.82(2.75,2.90) 246(2.26, 2.84) 0.02

AADC ying 0.89(0.63,1.27)  0.48(0.37, 0.80) 0.00

AADC, o 1.14(0.81,1.29)  0.92(0.61,1.24) 041

P values less than 0.05 are indicated in bold italics

DW-MRI diffusion-weighted magnetic resonance imaging; pCR-T complete
response of primary tumor; ADC apparent diffusion coefficient; IQR interquartile
range

from non-complete response of esophagus tumors, and
the DW-MRI in the first 2—3 weeks of nCRT could early
predict this pathological response. The combination
model of ADCy, and TLG-T, showed the highest
AUC for predicting pCR of primary lesion. The present
study provides encouraging results for the potential value
of multimodal imaging for assessing response to neoad-
juvant chemoradiotherapy in esophageal squamous cell
cancer.

The role of FDG PET/CT imaging in the detection of
interval metastases has been confirmed by most stud-
ies [10, 16-19], thus PET/CT were recommended as
a restaging tool after nCRT. Our study confirmed that
FDG PET/CT imaging was useful for the detection of
interval metastases. In our study, 3 of 8 patients with
PD presented with multiple interval metastases, and five
patients showed single or limited metastases, including
some infrequent metastases that were difficult to detect
by conventional imaging examination. For these patients,
preoperative FDG PET/CT evaluation help to avoid an
unnecessary surgery. In previous studies, interval metas-
tases were detected in approximately 8—10% patients
after neoadjuvant chemoradiotherapy, however this
rate was higher in our study (14%). These results might
be due to the later stages of our enrolled patients. In a
previous study [18], patients with clinical positive lymph
nodes, tumor length>4 cm, squamous cell carcinoma,
and primary tumor baseline SUVmax of>9.6 showed
a higher risk of interval metastases. In addition, these
previous studies showed that PET/CT had a high false-
positive rate when diagnosing interval metastases. The
metastatic lesions detected by PET/CT should be care-
fully confirmed by histology or other imaging or clinical
follow-up. In our study, we also used post-nCRT PET/CT
to predict pN +, but the value was limitied, especially the
specificity was lower. Pathologic lymph nodes metastases
were found frequently even when no evidence on PET/
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Table 4 ROC analyses of '®F-FDG PET/CT and DW-MRI parameters to predict pCR-T

Parameters AUC SE 95% Cl Zstatistic Pvalue Youdenindex Associated criterion Sensitivity (%) Specificity (%)
SUVma><-TIDOSI 0.720 0.0804 0.563-0.846 2743 0.0061 0.4409 <442 7857 65.52
MTV-T ot 0819 00647 0.672-0920 4.927 <0.0001 0.5172 <5076 100.00 51.72
TLG*Tpost 0.828 0.0630 0.682-0.925 5.204 <0.0001 0.5517 <1465 100.00 55.17
ASUVmax-T 0.752 0.0752 0.598-0.869 3.346 0.0008 0.4874 >0.7229 86.67 62.07
AMTV-T 0.685 0.101 0.528-0.817 1.836 0.0663 0.4299 >0.8937 5333 89.66
ADCdu,mg 0.880 0.0602 0.704-0.962 6.325 <0.0001 0.7029 >252 83.33 86.96
ADC o5t 0771 0.0842 0.588-0.900 3.114 0.0018 0.6234 >2.68 9091 7143
AADCdu,ing 0.851 0.0639 0.691-0.949 5504 <0.0001 0.6522 >0.53 100.0 65.22
Combined model* 0914 00518 0.759-0.983 7.987 <0.0001 0.7636 <0475 90.00 86.36

P values less than 0.05 are indicated in bold italics

*Predicted probability of the combined model: P =eA(7.325 4 0.244*TLG-To5-3.774%ADCy ing)/ (1 +€A(7.325 + 0.244*TLG-T,

-3.774*ADC 1 ing)

post

DW-MRI diffusion-weighted magnetic resonance imaging; '®F-FDG-PET/CT "®F-Fluorodeoxyglucose-positron emission tomography/computed tomography; pCR-T
complete response of primary tumor; SUVmax maximum standard uptake value; MTV metabolic tumor volume; TLG total lesion glycolysis; ADC apparent diffusion
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CT findings. It was consistent with the results of some
previous studies and might indicate that we need more
effective modality for predicting pathological lymph
nodes status.

Many clinical trials have been conducted to iden-
tify the value of PET parameters to predict pathological
response. Several meta-analyses have indicated that '8F-
FDG PET/CT images were unable to accurately detect
pathological response, the sensitivities and specificities

were 60%—70% [20—22]. Most of these studies used SUV-
max or percentage reduction of SUVmax as criterion.
Anonther study indicated that quantitative parameters
based on SULmax (maximum standardized uptake values
normalized for lean body mass) did not detect TRG3-4
tumor in 27-61% of patients [10]. Whereas some previ-
ous reports [23, 24] showed that metabolic tumor vol-
ume measurements were better predictors of response
and survival compared with SUVmax. The same out-
come was also found in our research. For all lesions,
AMTYV and ATLG were significantly different between
pCR patients and non-pCR patients but the SUVmax
before and after nCRT and related changes had no sig-
nificant difference. For the primary tumor, we observed
differences in all parameters of post-nCRT PET between
complete response and non-complete response patients.
The MTV-T,, and TLG-T,,, showed higher AUC
for the prediction of pCR-T in ROC analysis compared
with SUVmax-T .. Furthermore, the sensitivities were
100%, but the specificities were low, suggesting that these
parameters were still insufficient to detect small residual
tumors within primary lesions.

MRI has not been routinely used in esophageal can-
cer patients. However, in recent years, more studies have
shown its potential in clinical staging and nCRT efficacy
evaluation. MRI reached higher diagnostic accuracies
than FDG-PET/CT for the detection of residual tumor
in esophageal cancer patients after nCRT [25]. Adding
DW-MRI to gastroscopy and endosonographic ultra-
sound could improve the detection of residual tumor
after neoadjuvant chemoradiotherapy [26]. A systematic
review implied that DW-MRI used to evaluate response
to chemoradiotherapy in esophageal cancer showed vari-
able methods and results, and a large increase in ADC



Xu et al. Radiat Oncol (2021) 16:132

after two weeks of treatment seems most predictive for
a good response [27]. Previous small sample studies have
verified that a treatment-induced change in ADC dur-
ing the first 2—3 weeks of nCRT is most predictive for a
pathological complete response to nCRT in esophageal
cancer patients [12, 14, 28]. In our study, the values and
increased rate of ADC of DW-MRI during nCRT were
significantly different between patients with primary
tumor complete response and non-complete response,
the ADC values after nCRT were also different between
two response groups, but the increased rate was not sta-
tistically different. The ADC values of DW-MRI during
nCRT more accurately predict the pathological response
than that after nCRT. Early response evaluation has a
more important clinical value that could predict the
treatment response early and enable individualized treat-
ment. As the ADC value had higher specificity than PET/
CT parameters,, it was supplementary to PET parameters
for predicting pCR-T. The modality combining ADCgy;n,
and TLG-T , showed the highest accuracy compared
with their individual values. This result showed the great
potential of multimodal imaging in identifying primary
tumors response of ESCC. A recent prospective clinical
study also reported similar result, but most of its popula-
tion was adenocarcinoma [14].

At present, several trials have been conducted to
establish a more accurate evaluation strategy for nCRT
in esophageal cancer. The recently published preSANO
study [19] reported that the clinical response evaluation
using endoscopic ultrasonography, bite-on-bite biopsies,
and fine-needle aspiration of suspicious lymph nodes
was adequate for detection of locoregional residual dis-
ease, with PET-CT for detection of interval metastases.
This evaluation system is now being utilized in patients
with esophageal squamous cell cancer recruited from
four Asian centers (pre-SINO study [29]). An additional
multicenter prospective observational study developed
a multimodal prediction modality, of which ctDNA and
MRI were added, that accurately predicted histopatho-
logical response to nCRT (PRIDE study [30]). These
studies have shown that the employment of multiple
diagnostic methods may improve the accuracy of nCRT
efficacy prediction.

There are some limitations of this study. First, it is a
retrospective investigation at a single institution and
the sample size is small. Second, although the DW-
MRI examination is noninvasive and economical, the
thorax remains a challenging region for MR imaging;
the imaging quality should be improved and the ROIs
were manually contoured in our study that might have
resulted in differences in ADC measurement. The third
limitation of our study is that DW-MRI and combined
methods were used only for prediction of primary
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tumor response. One recent study [31] identified that
DWI was more sensitive for assessing LN metastasis
compared with PET in patients with ESCC. Since we
have also found the limited value of PET/CT in predict-
ing pN+, lymph nodes should be examined in DW-
MRI in further study.

Conclusion

The present study showed that PET/CT is useful for
re-staging after nCRT and for surgical decision. Comb-
ing parameters of '*F-FDG PET/CT and DW-MRI had
higher accuracy for predicting primary tumor response
in ESCC. These findings is necessary to be validated in
a prospective study with larger cohort.
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