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Abstract

Background: In patients with esophageal squamous cell carcinoma (ESCC), accurately predicting a pathologic complete response
(pCR) to preoperative chemoradiotherapy (PCRT) has the potential to enable an active surveillance strategy without esophagectomy.
We aimed to establish a reliable multiparameter nomogram model that combines tumor characteristics, imaging modalities, and he-
matologic markers to predict pCR in patients with ESCC who underwent PCRT and esophagectomy.

Methods: We retrospectively reviewed the medical records of 457 patients with ESCC who received PCRT followed by esophagectomy
between January 2005 and October 2020. The nomogram model was developed using logistic regression analysis with a training co-
hort and externally validated with a validation cohort.

Results: In the training and validation cohorts, 44.2% (126/285) and 48.3% (83/172) of patients, respectively, achieved pCR after PCRT.
The 5-year rates of overall survival, progression-free survival, and freedom from local progression in the training cohort were 51.6%,
48.5%, and 77.6%, respectively. The parameters included in the nomogram were histologic grade, clinical N stage, maximum stan-
dardized uptake value on positron emission tomography, and post-PCRT biopsy. Hematologic markers were significantly associated
with survival outcomes but not with pCR. The area under the receiver operating characteristic curve of the nomogram was 0.717,
0.704, and 0.707 for the training cohort, internal validation cohort, and external validation cohort, respectively.

Conclusion: Our nomogram model based on four parameters obtained from standard clinical practice demonstrated good perfor-
mance in both the training and validation cohorts and could be useful to aid clinical decision-making to determine whether surgery
or active surveillance strategy should be pursued.
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response (pCR) after PCRT, suggesting that an active surveillance
strategy can be considered as an alternative to avoid complications
associated with esophagectomy. In these cases, patients can expe-
rience both adequate disease control and improved quality of life,
and surgical resection can be postponed until salvage treatment

Introduction

Esophageal malignancy ranks sixth in terms of cancer-related
deaths worldwide, and treatment outcomes remain poor due to
frequent early-stage metastasis and significant treatment-related

morbidities. Despite recent advances in treatment modalities, the
S-year overall survival (OS) rate for patients with esophageal can-
cer is approximately 20% [1]. While esophagectomy is the primary
curative treatment for esophageal cancer, preoperative chemora-
diotherapy (PCRT) followed by surgery is currently the most pre-
ferred strategy for patients with locally advanced stages disease.
This approach has demonstrated tumor downstaging, increased
rates of complete resection, and improved oncologic outcomes
compared with esophagectomy alone [2, 3]. In particular, a sub-
stantial number of patients can achieve a pathologic complete

is necessary.

There are two distinct histologic subtypes of esophageal can-
cer: esophageal squamous cell carcinoma (ESCC), which is pre-
dominant in Asia, and esophageal adenocarcinoma (EAC), which
is more prevalent in Western countries [4]. These subtypes have
different susceptibilities to PCRT; ESCC shows a higher response
rate than EAC. In many previous studies, patients with ESCC
achieved pCR rates of 40% to 50%, while those with EAC achieved
PCR rate of only about 20% [2, 5]. Since patients with ESCC show
higher rates of pCR, they are more likely to benefit from an active
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surveillance strategy than those with EAC. Therefore, although
current treatment strategies are similar for both histologic sub-
types, the choice between surgery and active surveillance after
PCRT should be made depending on the histologic subtype.

Conversely, an active surveillance strategy is significantly
limited in that it is difficult to preoperatively distinguish
patients with pCR from others. In previous research, diagnostic
modalities such as computed tomography (CT), positron emis-
sion tomography-CT (PET-CT), endoscopic ultrasonography
(EUS), esophagogastroduodenoscopy (EGD), and biopsy after
PCRT have shown unsatisfactory accuracy in predicting pCR.
However, a multiparameter predictive model that combines clin-
icopathologic factors and findings from various diagnostic mo-
dalities could potentially increase the accuracy of response
prediction. Although several previous studies have developed
models to predict pCR in patients with esophageal cancer, these
studies have primarily focused on patients with EAC or have
used non-standard diagnostic and treatment protocols that may
not be applicable to other institutions [6-8]. Therefore, we con-
ducted this study to establish a reliable predictive model that
combines tumor characteristics, imaging modalities, and hema-
tologic markers to predict pCR in patients with ESCC who have
undergone PCRT and esophagectomy.

Methods
Study population

We conducted a retrospective review of the medical records of
patients who underwent PCRT and curative esophagectomy for
locally advanced ESCC between January 2005 and October 2020.
The eligibility criteria were as follows: (a) clinical stage T3/4 or
N+, (b) Eastern Cooperative Oncology Group (ECOG) performance
status of 0 to 2, (c) no distant metastasis except the supraclavicu-
lar lymph node at initial evaluation, and (d) evaluation of a PET-
CT scan with maximum standardized uptake values (mSUVs) at
diagnosis and after PCRT. Patients who received radiotherapy
doses of less than 38Gy or did not undergo esophagectomy
immediately after PCRT and later underwent salvage esophagec-
tomy were excluded. This study was approved by the
Institutional Review Board of Asan Medical Center, and informed
consent was waived due to the retrospective nature of the study
(IRB no. 2020-1781).

Treatments and follow-up

The initial patient evaluation included a medical history, physi-
cal examination, complete blood count, standard blood chemis-
try panel, EGD, EUS, chest CT, and PET-CT. Hematologic markers
derived from laboratory tests were measured at three timepoints:
before treatment, at the end of PCRT, and one month after PCRT.
The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR) were calculated by dividing the neutrophil
or platelet count by the lymphocyte count. The prognostic
nutrition index (PNI) was calculated based on the albumin con-
centration and lymphocyte count [9].

All patients received PCRT, and the decision to administer in-
duction chemotherapy before PCRT was made by the treating
physicians. The most common chemotherapy regimens were
capecitabine plus cisplatin (XP) and oxaliplatin plus TS-1 (SOX).
For radiotherapy, the most common schemes included three-
dimensional conformal radiotherapy or intensity-modulated ra-
diotherapy techniques of 50Gy in 25 fractions or 50.4 Gy in 28
fractions. The primary tumor and metastatic lymph nodes were
identified as the gross tumor volume (GTV) in simulation CT
images. Diagnostic CT, PET-CT, and EGD findings were utilized to

aid in the delineation of the GTV. The clinical target volume
(CTV) included a longitudinal expansion of at least 3 cm, a radial
expansion of 1cm around the primary tumor, and a 1-cm expan-
sion in all directions for regional lymph nodes unless it would
compromise adjacent critical normal organs, such as the lungs
and heart. Further elective nodal areas were included in the CTV
based on the extent and location of the disease as well as the
patient’s medical condition. The planning target volume was de-
termined by expanding the CTV by 7 mm radially and 10 mm lon-
gitudinally.

One month after the completion of PCRT, chest CT, PET-CT,
EGD, and biopsy were performed to assess the response to
treatment. Either Ivor-Lewis or McKeown esophagectomy was
performed six to eight weeks after the completion of PCRT, and
PCR was defined as the absence of tumor cells in the surgical
specimens of the esophagus and lymph nodes.

After treatment, regular follow-up examinations were per-
formed every three months for the first two years and every six
months thereafter. Chest CT and EGD were performed every six
months for five years and annually thereafter. Additional imag-
ing studies were conducted whenever clinically indicated.

Statistical analysis

We classified the patients into a training cohort (before
December 2015) and a validation cohort (from January 2016)
based on the year of diagnosis. The patient characteristics be-
tween the two cohorts were compared using Student's t-test for
continuous variables and the x? test or Fisher's exact test for cat-
egorical variables. The Kaplan-Meier method was used to esti-
mate the rates of freedom from local progression (FFLP),
progression-free survival (PFS), and OS. FFLP was calculated from
the date of diagnosis to the date of local progression as deter-
mined through radiologic or pathologic examination. OS and PFS
were calculated from the date of diagnosis to the date of death
from any cause and to the date of death from any cause or dis-
ease progression, respectively. To develop the prediction model,
univariate and multivariable analyses were performed using lo-
gistic regression models. Variables that showed statistical signifi-
cance in univariate analyses were included in the multivariate
model. Missing data were considered at random and handled
using imputation with the iterative Markov chain Monte Carlo
method. A backward elimination procedure was repeated for
each of the 1,000 bootstrap resamplings for the model. A 40%
relative frequency of selection of bootstrap resampling was the cri-
terion for the inclusion of predictors in the final model, and the
points associated with each category of each risk factor were com-
puted using regression coefficients. Finally, we estimated the pCR
rate for each point total and formulated the logistic regression
model. The established model was internally validated using the
bootstrap self-sampling method and externally validated using the
validation cohort. The performance of the point system was
assessed using the receiver operating characteristic (ROC) curve
with the area under the curve (AUC) and calibration curve, which
reflect the agreement between predicted and actual outcomes in
both the training and validation cohorts. A P value of <0.05 was
considered statistically significant. All analyses were performed
using SAS 9.4 (SAS Institute, Cary, NC, USA) and R version 4.1.2
program (R Foundation for Statistical Computing, Vienna, Austria).

Results
Baseline characteristics and treatment

Patient characteristics are summarized in Table 1. Out of the 457
patients, 285 were included in the training cohort, and 172 were
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included in the validation cohort. The median age was 63years
(range, 39-80years), and 425 (93.0%) patients were male.
Clinically positive lymph nodes were suspected in 356 (77.9%)
patients at the initial evaluation, and 375 (82.1%) patients re-
ceived at least one cycle of induction chemotherapy. The median
radiotherapy dose was 46.0Gy (range, 38.0-50.4 Gy); except for
five patients who received 38 Gy or 40 Gy, all other patients re-
ceived 42 Gy or higher. The concurrent chemotherapy regimens
were XP in 372 (81.4%) patients, SOX in 59 (12.9%), paclitaxel plus
carboplatin in 22 (4.8%), and 5-fluorouracil plus cisplatin in
4 (0.9%). Post-PCRT EGD and biopsy were performed in 455
(99.6%) and 394 (86.2%) patients, respectively. The endoscopic
findings were used instead of the biopsy results for 61 patients.
Ivor-Lewis and McKeown esophagectomy were performed
in 299 and 158 patients, respectively, at a median of 8weeks
(range, 4-16 weeks) after PCRT. Patients in the validation cohort
had more advanced T- and N-stage tumors, higher initial mSUVs,
and received higher radiation doses than those in the training

Table 1. Patient characteristics of the training and validation cohorts

cohort. In the training cohort, 126 patients (44.2%) achieved pCR
following surgery, while in the validation cohort, 83 patients
(48.3%) achieved pCR.

Survival and recurrence

Survival outcomes were only evaluated in the training cohort
(n=285) because the follow-up duration of the validation cohort
was insufficient. During a median follow-up duration of
45.6 months (range, 4.7-164.0months), 84 (29.5%) patients experi-
enced recurrences, including 29 in locoregional sites, 26 in dis-
tant sites, and 29 in both locoregional and distant sites
simultaneously. The 5-year OS, PFS, and FFLP rates in the train-
ing cohort were 51.6%, 48.5%, and 77.6%, respectively (Figure 1).
Patients who achieved pCR showed significantly higher 5-year
rates of OS (73.0% vs 34.6%, P<0.001), PFS (71.5% vs 30.5%,
P<0.001), and FFLP (94.5% vs 61.9%, P<0.001) than those who
did not achieve pCR (Figure 2). In the univariate analysis, age,
ECOG performance status, clinical T stage, clinical N stage, initial
mSUV, post-PCRT biopsy, post-PCRT mSUV, and pCR were found

Variable Total (n=457) Training (n = 285) Validation (n=172) P Value

Age (years) 63 (39-80) 61 (391-76) 64 (44-80) <0.001

Sex 0.582
Male 425 (93.0%) 267 (93.7%) 158 (91.9%) -
Female 32 (7.0%) 18 (6.3%) 14 (8.1%) -

ECOGPS 0.059
0 97 (21.2%) 69 (24.2%) 28 (16.3%) -

1 360 (78.8%) 216 (75.8%) 144 (83.7%) -
Charlson-Deyo score 0.277

0 352 (77.0%) 211 (74.0%) 141 (82.0%) -

1 84 (18.4%) 59 (20.7%) 25 (14.5%) -

2 17 (3.7%) 12 (4.2%) 5 (2.9%) -

3 4(0.9%) 3 (1.1%) 1(0.6%) —
Alcohol consumption 0.953

No 55 (12.0%) 35 (12.3%) 20 (11.6%) -

Yes 402 (88.0%) 250 (87.7%) 152 (88.4%) -
Smoking history 0.879

No 88 (19.3%) 56 (19.6%) 32 (18.6%) -

Yes 369 (80.7%) 229 (80.4%) 140 (81.4%) -
Histologic grade 0.576

Well-differentiated 57 (12.9%) 35 (12.8%) 22 (13.2%)

Moderately differentiated 337 (76.4%) 213 (77.7%) 124 (74.3%)

Poorly differentiated 47 (10.7%) 26 (9.5%) 21(12.6%)

Clinical T stage 0.103
1-2 180 (39.4%) 77 (27.0%) 24 (14.0%) -
3-4 277 (60.6%) 208 (73.0%) 148 (86.0%) -

Clinical N stage <0.001
NO 176 (38.5%) 137 (48.1%) 39 (22.7%) -

N+ 281 (61.5%) 148 (51.9%) 133 (77.3%) -
Initial mSUV 12.5 (1.3-38.0) 11.0 (1.3-34.9) 14.3 (1.3-38.0) <0.001
Induction chemotherapy <0.001

None 82 (17.9%) 34 (11.9%) 48 (27.9%) -

Yes 375 (82.1%) 251 (88.1%) 124 (72.1%) -
Chemotherapy regimen 0.044

XP/FP 376 (82.3%) 226 (79.3%) 150 (87.2%)

Others 81 (17.7%) 59 (20.7%) 22 (12.8%)

RT dose (Gy) 46.0 (38.0-50.4) 46.0 (38.0-50.4) 50.0 (40.0-50.4) <0.001

Post-PCRT endoscopy 0.262
CR 138 (30.3%) 80 (28.3%) 58 (33.7%) -
Non-CR 317 (69.7%) 203 (71.7%) 114 (66.3%) -

Post-PCRT biopsy 0.969
CR 380 (83.5%) 237 (83.7%) 143 (83.1%) -
Non-CR 75 (16.5%) 46 (16.3%) 29 (16.9%) -

Post-CCRT mSUV 3.4 (1.2-22.0) 3.1(1.3-22.0) 4.3(1.2-18.2) <0.001

AmSUV (%) 68.2 (—607-94.4) 68.8 (—607-94.4) 67.5 (—453-93.8) 0.719

Pathologic response 0.457
CR 209 (45.7%) 126 (44.2%) 83 (48.3%) -
Non-CR 248 (54.3%) 159 (55.8%) 89 (51.7%) -

ECOG PS = Eastern Cooperative Oncology Group performance status, mSUV = maximum standardized uptake value, XP = capecitabine plus cisplatin,
FP = 5-fluorouracil plus cisplatin, RT = radiotherapy, PCRT = preoperative chemoradiotherapy, CR = complete response.
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Figure 1. Recurrence and survival outcomes in the training cohort. (A) Overall survival (OS); (B) Progression-free survival (PFS); (C) Freedom from local

progression (FFLP).

to be significantly associated with both OS and PFS (Tables 2
and 3). In the multivariate analysis, all variables except the clini-
cal T stage and initial mSUV remained in the final model for OS,
while all variables except the clinical T stage remained for PFS.

Hematologic markers

To evaluate the predictive value of hematologic markers, we ana-
lyzed the NLR, PLR, PNI, and serum albumin levels at three time-
points as well as the changes in these values between timepoints.
In the univariate analysis for pCR, none of these variables showed
statistical significance (Supplementary Table S1). In the univariate
analysis for OS and PFS, NLR (pretreatment), PNI (pretreatment),

PNI (end of PCRT), serum albumin level (end of PCRT), PNI (one
month post-PCRT), and serum albumin level (one month post-
PCRT) were significant predictors (Supplementary Table S1). The
serum albumin level (end of PCRT) and PNI (one month post-PCRT)
remained statistically significant in the multivariate analysis,
which included both clinical and hematologic variables for OS and
PFS (Supplementary Table S2).

Development of a prediction model for pCR

Univariate analysis showed that pCR was significantly associated
with ECOG performance status, alcohol consumption, smoking
status, clinical N stage, histologic grade, initial and post-PCRT
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Figure 2. Recurrence and survival outcomes in the training cohort according to pathologic complete response (pCR). (A) Overall survival (OS);
(B) Progression-free survival (PFS); (C) Freedom from local progression (FFLP). CR, clinical response.

mSUVs, post-PCRT EGD, and biopsy (Table 4). In the multivariate
analysis, histologic grade, clinical N stage, post-PCRT mSUV, and
biopsy were significantly associated with pCR. These four varia-
bles remained in the repeated bootstrap sampling and were in-
cluded in the final model (Figure 3). In the final model, the effects
of each factor were converted into points to calculate the total
points that represent the probability of achieving pCR. For exam-
ple, a patient with a node-negative or well-differentiated tumor
showed an approximately 80% probability of pCR when a negative
biopsy and no residual hypermetabolic lesion were observed after

PCRT. The calibration curve for the probability of pCR showed
good agreement between the nomogram-based prediction and
the observed outcomes, and the AUC was 0.717 (95% confidence
interval [CI], 0.658-0.776) (Figure 4). The bias-corrected C-statistic
was 0.704 in the internal validation using the bootstrap sampling
method. In the validation cohort, where the pCR rate was higher
than that in the training cohort, the model tended to underesti-
mate the actual probability. However, the calibration curve still
demonstrated good agreement with a slope close to 1, and the
AUC was 0.707 (95% CI, 0.627-0.786) (Figure 5).
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Table 2. Univariate and multivariate analysis for overall survival (OS) in the training cohort

Variable Univariate Multivariate
P Value HR (95% CI) P Value HR (95% CI)

Age (years) 0.027 1.022 <0.001 1.037
(1.002-1.042) (1.016-1.059)

Sex (Males vs Females) 0.618 0.857 - -
(0.466-1.575)

ECOG PS (0 vs 1-2) <0.001 2.088 <0.001 1.917
(1.446-3.014) (1.307-2.811)

Charlson-Deyo score 0.334 1.166 - -

(0vs 1-3) (0.854-1.593)

Alcohol consumption (No vs Yes) 0.264 0.787 - -
(0.516-1.199)

Smoking history (No vs Yes) 0.306 1.211 - -
(0.840-1.745)

Histologic grade 0.566 1.136 - -

(W/D vs M/D + P/D) (0.734-1.758)

Clinical T stage 0.001 1.619 - -

(1-2 vs 3-4) (1.210-2.167)

Clinical N stage 0.004 1.635 0.030 1.388

(NO vs N+) (1.173-2.278) (1.032-1.865)

Initial mSUV <0.001 1.046 - -
(1.022-1.070)

Induction chemotherapy 0.726 1.079 - -

(No vs Yes) (0.704-1.656)

Chemotherapy regimen 0.964 1.008 - -

(XP/FP vs others) (0.718-1.416)

Post-PCRT endoscopy 0.153 1.263 - -

(CR vs non-CR) (0.917-1.739)

Post-PCRT biopsy <0.001 2.389 0.005 1.715

(CR vs non-CR) (1.676-3.404) (1.176-2.501)

Post-PCRT mSUV <0.001 1.151 <0.001 1.109
(1.095-1.210) (1.048-1.172)

Pathologic CR <0.001 0.395 <0.001 0.475

(0.293-0.531) (0.346-0.652)

ECOG PS = Eastern Cooperative Oncology Group performance status, mSUV = maximum standardized uptake value, XP = capecitabine plus cisplatin,
FP = 5-fluorouracil plus cisplatin, RT = radiotherapy, PCRT = preoperative chemoradiotherapy, CR = complete response, HR = hazard ratio, CI =

confidence interval.

Discussion

Preserving patient quality of life is as important as controlling
tumors in cancer treatment. Although esophagectomy is the
standard treatment for patients with ESCC, it is associated with
significant morbidity and decreased quality of life. As an alterna-
tive, if applied to appropriate candidates who have achieved a
complete response after PCRT, an active surveillance strategy
can help patients avoid the deterioration in quality of life that
may occur. To enhance the accuracy of pCR prediction, we ana-
lyzed a large cohort of patients with ESCC and developed a multi-
parameter nomogram model. Our patients were treated with a
current standard PCRT scheme similar to that used in two previ-
ous randomized trials [2, 3] and showed comparable pCR rates
(45.7%) and 5-year OS rates (51.6%), which supports the reliability
of our model. Our model utilized four parameters (histologic
grade, clinical N stage, post-PCRT mSUV, and post-PCRT biopsy
findings) and demonstrated good performance in both the train-
ing and validation cohorts. These four parameters are typically
obtained through standard workups for locally advanced ESCC;
therefore, our nomogram appears to be easily applicable to other
institutions and may serve as a useful tool to aid treatment-
related decision-making.

Several studies have previously reported the development of
nomogram models for predicting pCR in esophageal cancer, and
two of them specifically evaluated patients with predominantly
EAC. A study from MD Anderson Cancer Center developed a

nomogram model in 302 patients with EAC and 20 patients with
ESCC [6]. The parameters included in their nomogram were simi-
lar to ours: sex, T stage, post-PCRT mSUV, post-PCRT biopsy
results, and histologic grade. The post-PCRT mSUV had the great-
est influence on the probability of achieving pCR in the study.
Toxopeus et al. [7] established a model involving 292 patients
with EAC and 89 patients with ESCC. Histologic subtype and T
stage had the greatest impact on the model. Gender and histo-
logic grade were also included; however, PET-CT parameters
were not included due to their limited usage.

In the two studies that exclusively included patients with
ESCC [8, 10], Chao et al. [8] constructed a nomogram using a total
of 392 patients (274 in the training cohort and 118 in the valida-
tion cohort). Likely due to the lower-than-standard radiation
dose of 30Gy, their pCR rate was 25.8%. However, the institu-
tion’s unique classification of post-PCRT endoscopic findings was
the strongest factor in the model, and other factors included age,
tumor length, post-PCRT albumin level, and a prior history of
metachronous head and neck cancer [8]. Wu et al. [10] developed
a nomogram involving 306 patients with ESCC, and the pCR rate
was 40.5%. The model consisted of six variables: sex, chemother-
apy regimen, EGD findings, pre-PCRT NLR, post-PCRT PLR, and
absolute leukocyte nadir during PCRT. In both ESCC model stud-
ies, PET parameters were not analyzed due to limited utilization
of this modality. Except for the EGD results, the factors in our
model do not overlap with those in the previous two ESCC studies
likely because we exclusively used PET parameters and found no
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Table 3. Univariate and multivariate analysis for progression-free survival (PFS) in the training cohort

Variable Univariate Multivariate
P Value HR (95% CI) P Value HR (95% ClI)

Age (years) 0.011 1.026 <0.001 1.045
(1.006-1.047) (1.022-1.069)

Sex (Males vs Females) 0.447 0.781 - -
(0.413-1.478)

ECOG PS (0 vs 1-2) 0.001 1.950 0.035 1.542
(1.338-2.844) (1.032-2.303)

Charlson-Deyo score 0.258 1.204 - -

(0vs 1-3) (0.873-1.660)

Alcohol consumption (No vs Yes) 0.167 0.742 - -
(0.486-1.133)

Smoking history (No vs Yes) 0.653 1.088 - -
(0.753-1.572)

Histologic grade 0.253 1.321 - -

(W/D vs M/D + P/D) (0.820-2.126)

Clinical T stage 0.001 1.639

(1-2 vs 3-4) (1.213-2.214)

Clinical N stage 0.001 1.761 0.015 1.466

(NO vs N+) (1.243-2.494) (1.078-1.991)

Initial mSUV <0.001 1.050 0.026 1.030
(1.026-1.074) (1.003-1.056)

Induction chemotherapy 0.424 1.199 - -

(No vs Yes) (0.768-1.874)

Chemotherapy regimen 0.964 1.008 - -

(XP/FP vs others) (0.718-1.416)

Post-PCRT endoscopy 0.078 1.345 - -

(CR vs non-CR) (0.968-1.870)

Post-PCRT biopsy <0.001 2.269 0.015 1.601

(CR vs non-CR) (1.591-3.235) (1.096-2.340)

Post-PCRT mSUV <0.001 1.161 <0.001 1.107
(1.107-1.217) (1.047-1.170)

Pathologic CR <0.001 0.365 <0.001 0.450

(0.268-0.498) (0.323-0.627)

ECOG PS = Eastern Cooperative Oncology Group performance status, mSUV = maximum standardized uptake value, XP = capecitabine plus cisplatin,
FP = 5-fluorouracil plus cisplatin, RT = radiotherapy, PCRT = preoperative chemoradiotherapy, CR = complete response, HR = hazard ratio, CI =

confidence interval.

significant association between pCR and hematologic markers in
our study.

However, the parameters in our model are consistent with
other research studies on predictors of pCR. The post-PCRT
mSUV had the greatest impact on the probability of achieving
PCR in our model. Although the prediction accuracy of PET-CT is
limited in tumors with low metabolism or in patients with exten-
sive treatment-related esophagitis, PET-CT is currently consid-
ered one of the most accurate imaging modalities for predicting
pPCR. Parameters such as the post-PCRT mSUV, change in mSUV,
total lesion glycolysis, and metabolic complete response have
been reported to be closely associated with pCR [11-15], and a re-
cent meta-analysis found that the sensitivities and specificities
of PET parameters were as high as 65% to 75% [12].

The inclusion of the clinical N stage and histologic grade in
our model indicates that advanced or aggressive tumors are less
sensitive to PCRT and are less likely to achieve pCR. These
tumors more frequently evade or resist the treatment mecha-
nism, which is consistent with previous research indicating that
they are less responsive to chemoradiation [6, 16, 17].

Hematologic indicators obtained from routinely performed
laboratory tests in clinical practice have been identified as conve-
nient and useful predictors of clinical outcomes in previous stud-
ies on esophageal cancer [18]. These variables are believed to
reflect the nutritional status, immune function, and tumor mi-
croenvironment of the patient. As two previous studies that de-
veloped ESCC pCR prediction models reported hematologic

indicators as significant predictors of pCR (8, 10], we evaluated
them at three different timepoints. However, these markers were
significant predictors of survival but not of pCR in our study.
Only the serum albumin level and PNI after treatment
were found to be significantly associated with OS and PFS in the
multivariate model, suggesting that patients who recovered well
after PCRT have a more favorable prognosis. Due to the contra-
dictory results of previous studies, further research is necessary
to determine the relationship between hematologic markers and
pCR as well as the most appropriate timing for evaluating
these markers.

Several emerging modalities for response prediction were not
considered in our study, and their inclusion may help to improve
the accuracy of the model in the future. Although not widely
used as a standard evaluation modality, the role of functional
magnetic resonance imaging (MRI) in response evaluation is gain-
ing attention. Two recent studies reported that PET-CT and
diffusion-weighted MRI parameters were equally effective in re-
sponse prediction and that combining the two modalities could
improve prediction accuracy [11, 19]. According to these studies,
MRI appears to be capable of predicting the PCRT response, even
when performed in the middle of the treatment, allowing for
quicker decision-making regarding the necessity of surgi-
cal resection.

A new biopsy method has been suggested to improve predic-
tion accuracy. In our study, the post-PCRT biopsy result was
found to be a significant predictor of pCR, and it demonstrated a
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Table 4. Univariate and multivariate analysis for pathologic complete response (pCR) in the training cohort

Variable Univariate Multivariate
P Value OR (95% CI) P Value OR (95% ClI)

Age (years) 0.065 1.032 - -
(0.998-1.066)

Sex (Males vs Females) 0.321 1.627 - -
(0.623-4.252)

ECOG PS (0 vs 1-2) 0.038 0.561 - -
(0.325-0.969)

Charlson-Deyo score 0.641 0.880 - -

(0 vs 1-3) (0.515-1.504)

Alcohol consumption (No vs Yes) 0.048 0.483 - -
(0.235-0.993)

Smoking history (No vs Yes) 0.031 0.522 - -
(0.289-0.943)

Histologic grade 0.020 0.418 0.034 0.436

(W/D vs M/D + P/D) (0.196-0.858) (0.202-0.939)

Clinical T stage 0.071 0.646

(1-2 vs 3-4) (0.402-1.038)

Clinical N stage 0.007 0.519 0.016 0.534

(NO vs N+) (0.323-0.833) (0.321-0.887)

Initial mSUV <0.001 0.928
(0.891-0.967)

Induction chemotherapy 0.470 0.768 - -

(No vs Yes) (0.375-1.572)

Chemotherapy regimen 0.575 0.904 - -

(XP/FP vs others) (0.636-1.285)

Post-PCRT endoscopy <0.001 0.407 - -

(CR vs non-CR) (0.240-0.692)

Post-CCRT biopsy <0.001 0.216 0.019 0.358

(CR vs non-CR) (0.097-0.482) (0.152-0.847)

Post-CCRT mSUV <0.001 0.727 <0.001 0.759
(0.635-0.832) (0.658-0.875)

AMSUV (%) 0.842 1.000

(0.995-1.004)

ECOG PS = Eastern Cooperative Oncology Group performance status, mSUV = maximum standardized uptake value, XP = capecitabine plus cisplatin,
FP = 5-fluorouracil plus cisplatin, RT = radiotherapy, PCRT = preoperative chemoradiotherapy, OR = odds ratio, CI = confidence interval.

Points 0, 19 29 39 49 59 69 79 89 99 1QO
Well
Histologic grade
Moderate/Poor
L Negative
Clinical N stage
Positive
POSt-PCRT mSUV r T T T T T T T T T T 1
22 20 18 16 14 12 10 8 6 4 2 0
. Negative
Post-PCRT biopsy
Positive
Totalpoints -———-r—-——r—rrr—rr-r—r—-r—rr-r— T
0 20 40 60 80 100 120 140 160
Risk Of pCR r T T T T T T T T 1
0.01 0.05 0.1 0.2 0.30.40.50.6 0.7 0.8

Figure 3. Nomogram for predicting pathologic complete response (pCR). Points for each factor can be read using the top point scale bar. The total
points from four factors were used to estimate the probability of pCR on the bottom scale bar. PCRT, preoperative chemoradiotherapy; mSUV,
maximum standardized uptake value.
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Figure 4. Receiver operating characteristic (ROC) curve (A) and calibration plot (B) of the nomogram in the training cohort. AUC, area under the curve.
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Figure 5. Receiver operating characteristic (ROC) curve (A) and calibration plot (B) of the nomogram in the validation cohort. AUC, area under

the curve.

high positive predictive value in confirming the presence of resid-
ual tumor. However, this test has a limited sensitivity of approxi-
mately 25% [20]. A Dutch study group suggested the “bite on bite”
biopsy procedure, in which a second deep biopsy is performed in
the same location, and showed an increased sensitivity and spe-
cificity of 70% to 80% [21]. Although their ongoing “SANO” trial,
which investigates an active surveillance strategy, is based on
this result [22], this procedure is not commonly performed else-
where likely due to the complexity of the procedure and concerns
about procedure-related complications. Finally, ongoing studies
are examining the relationship between the expression of various
genes in individual tumors and treatment response. Studies on
the p53 gene have shown that the wild-type p53 gene is associ-
ated with a higher pCR rate in ESCC, and there is increasing evi-
dence that various molecular markers, combinations of markers,

and molecular mutational burden may be useful predictors of
treatment response [23].

Investigations into active surveillance strategies have contin-
ued despite the ongoing lack of high-level evidence. Although
two older randomized trials comparing PCRT followed by surgery
with definitive chemoradiation found no significant difference in
OS between the two groups among responders to PCRT [24, 25],
these studies are outdated when compared with current practi-
ces in terms of surgical mortality and response evaluation meth-
ods. Two recent systematic reviews and meta-analyses also
demonstrated favorable OS with PCRT and active surveillance
compared with PCRT followed by surgery in patients who
achieved clinical CR [26, 27]. We have also reported prospective
and retrospective studies comparing PCRT followed by surgery
and active surveillance. In patients who achieved a clinical
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complete response, the addition of surgery was associated with
improved local control but not with OS [28, 29]. Further investiga-
tions including the two ongoing randomized trials are still
needed [30].

Our study has several limitations. First, due to its retrospec-
tive nature, our study could have potential selection biases. As
patients who did not undergo surgery after PCRT were excluded,
caution should be exercised in interpreting the results; further-
more, the decision to pursue active surveillance may be influ-
enced by factors such as a patient’s medical condition, clinical
tumor response, and allocation to active surveillance in a pro-
spective study. Second, because our nomogram was only vali-
dated in a single institution, further verification by other
institutions is still necessary. Although the parameters of our no-
mogram are usually obtained through current standard evalua-
tions for patients with ESCC, the values of these parameters
could vary based on the institutional equipment, operating phy-
sician, and schedule of the procedure. Third, while our study in-
volved four different chemotherapy regimens, which might have
influenced pCR rates, comparing the superiority of these regi-
mens was beyond the scope. However, we believe the impact of
the chemotherapy regimen is limited in our study as it was not
significantly associated with pCR or survival. In addition, as
immunotherapy, which was not used in our cohort, is emerging as
a potential neoadjuvant treatment option, modifications to our
model or inclusion of factors such as PD-L1 expression may be re-
quired if immunotherapy becomes a standard treatment [31].
Finally, our model may not provide sufficiently high pCR probabili-
ties for some patients, and high pCR probabilities do not necessarily
guarantee favorable outcomes in terms of recurrence or prognosis.
Therefore, our model alone may not be sufficient to determine ac-
tive surveillance strategies. Nonetheless, we believe improving pCR
prediction accuracy can aid clinical decision-making and contribute
to enhancing the efficacy of such strategies.

In conclusion, our predictive model for pCR, which was devel-
oped using a large cohort of patients with ESCC who underwent
examination and treatment according to the current standard
protocol including PET-CT, exhibited good performance. It can
serve as a useful tool to aid clinical decision-making regarding
whether to pursue surgery or an active surveillance strategy after
PCRT; thus, it has the potential to help maintain patient quality of
life without compromising disease control. As our model was built
upon routinely available clinical parameters, it can be readily ap-
plied in other institutions. However, further validation across
multiple institutions and incorporation of additional factors such
as MRI findings, second deep biopsy results, and novel biomarkers
could enhance the effectiveness and reliability of the model.
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