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Abstract
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Background: A reliable model is needed to estimate the risk of postoperative recurrence
and the benefits of postoperative radiotherapy (PORT] in patients with thoracic esophageal

squamous cell cancer (TESCC).

Methods: The study retrospectively reviewed 3652 TESCC patients in stage IB-IVA after
radical esophagectomy, with or without PORT. In one institution as the training cohort
(n=1620), independent risk factors associated with locoregional recurrence (LRR), identified
by the competing-risks regression, were used to establish a predicting nomogram, which
was validated in an external cohort (n=1048). Area under curve (AUC) values of receiver
operating characteristic curves were calculated to evaluate discrimination. Risk stratification
was conducted using a decision tree analysis based on the cumulative point score of the

LRR nomogram. After balancing the baseline of characteristics between treatment groups
by inverse probability of treatment weighting, the effect of PORT was evaluated in each risk

group.

Results: Sex, age, tumor location, tumor grade, and N category were identified as independent
risk factors for LRR and added into the nomogram. The AUC values were 0.638 and 0.706

in the training and validation cohorts, respectively. Three risk groups were established. For
patients in the intermediate- and high-risk groups, PORT significantly improved the 5-year
overall survival by 10.2% and 9.4%, respectively (p <0.05). Although PORT was significantly
associated with reduced LRR in the low-risk group, overall survival was not improved.
Conclusion: The nomogram can effectively estimate the individual risk of LRR, and patients in
the intermediate- and high-risk groups are highly recommended to undergo PORT.
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Introduction

Although the CROSS and NEOCRTEC5010 tri-
als demonstrated that patients with locally
advanced esophageal cancer could benefit from
neoadjuvant chemoradiation,»? nevertheless it is
still the case that more than 50% of patients still
underwent surgical excision as their first

treatment.>* Regardless of pathological T and N
categories, 2020 National Comprehensive Cancer
Network (NCCN) guidelines for thoracic esopha-
geal squamous cell cancer (TESCC) do not rec-
ommend adjuvant treatment for patients with clear
margins after esophagectomy.> However, evidence
indicates that the locoregional recurrence (LRR)
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rate is as high as 39.5%-52.4%.5-1° Moreover, the
efficacy of salvage therapy after recurrence is poor,
with a median survival time of only 3-8 months.11-13
Thus, limitations with surgery result in the need
for multidisciplinary adjuvant therapy.

Estimating recurrence patterns after surgery is a
prerequisite for adjuvant therapy decisions. Since
postoperative recurrence is affected by a variety of
biological and clinical factors,%#15 radiation
oncologists need to identify a candidate subset
who may obtain survival benefit from prophylac-
tic  postoperative  radiotherapy  (PORT).
Nomograms serve as statistical tools to integrate
clinicopathological variables and generate indi-
vidual risk predictions, and data suggest that
nomograms can achieve precise prediction for
both LRR and distant metastasis (DM) in esoph-
ageal cancer and also in other cancer types.16-18
Therefore, stratifying patients into different cate-
gories based on individual LRR risk to assist deci-
sion-making in the aspect of PORT is promising.

Since the rarity of thoracic esophageal adenocar-
cinoma in Asia and its distinct biological charac-
teristics, only squamous cell carcinoma was
analyzed. Our study aimed to build a risk stratifi-
cation based on the nomogram estimating indi-
vidual LRR after radical surgery and further
identify a patient subset who might benefit from
PORT.

Materials and methods

Patient selection

This two-center retrospective study collected
3811 TESCC patients who underwent esophagec-
tomy from two independent medical institutions,
including 2281 patients treated from January
2004 to December 2012 in the Cancer Hospital,
Chinese Academy of Medical Sciences, and 1530
patients treated from February 1993 to March
2007 in the Fujian Provincial Cancer Hospital.
All patients had histologically proven TESCC
after radical resection with no neoadjuvant anti-
cancer therapy. Patients with stage I TESCC who
underwent PORT, those who had lymph node
metastasis above the sternal notch (M1 disease
according to the American Joint Committee on
Cancer system), those who received a radiation
dose greater than 60 Gy, or those who had a fol-
low-up period of less than 3 months after surgery
were excluded from the study. All patients pro-
vided written informed consent, and the study

was approved by the Ethics Committee of the
Cancer Hospital, Chinese Academy of Medical
Sciences (ID:14-090/880) and Fujian Province
Cancer Hospital (ID: K201427).

Surgery

Prior to the surgery, the clinical staging was eval-
uated with the physical examination; endoscopic
ultrasound; computed tomography (CT) scan of
the neck, chest, and abdomen; ultrasound of cer-
vical and supraclavicular region; and radionuclide
bone scan. Positron emission tomography
(PET)-CT in clinical staging in this study was not
used routinely. Details of the operation are
described previously.1%20  Briefly, Mckeown
esophagectomy with three-field lymphadenec-
tomy was performed in the Fujian Provincial
Cancer Hospital, and Ivor Lewis and left tran-
sthoracic esophagectomy with two-field lymphad-
enectomy were the most common surgical
approach performed in the Cancer Hospital
Chinese Academy of Medical Sciences.

Radiotherapy

Determined by a multidisciplinary team and
patients’ preference, adjuvant therapy options
included radiotherapy, concurrent chemoradia-
tion, or chemotherapy initiated 4-6weeks after
surgery. In the Cancer Hospital Chinese Academy
of Medical Sciences, the clinical target volume
(CTV) was determined by the primary tumor and
the high-risk lymphatic drainage areas. For upper
thoracic lesions despite nodal status, the CTV
borders were defined superiorly as the upper mar-
gin of the T'1 vertebral body and inferiorly as 2 to
3cm below the trachea carina; for middle and
lower thoracic lesions without lymph node
involvement or middle thoracic lesions with
lymph node metastasis which was confined to the
mediastinum, the CTV borders were defined
superiorly as the cricothyroid membrane and
inferiorly as 2 to 3 cm below the lower border of
the tumor bed; for middle thoracic lesions with
lymph node metastasis which was extended to the
upper abdomen and lower thoracic lesions with
lymph node involvement, the CTV borders were
defined superiorly as the cricothyroid membrane
and inferiorly as the origin of the celiac artery. In
the Fujian Provincial Cancer Hospital, for
patients treated after 1996, a modified T-shaped
field was performed with the superior border at
C6 vertebral body and inferior border below the
lower border of the tumor bed; previous patients
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were treated with a large T-shaped field, includ-
ing bilateral supraclavicular fossa, mediastinum,
left gastric nodes, and the tumor bed.?! Radiation
was delivered by conventional, three-dimensional
conformal or intensity-modulated radiotherapy
with the prescription of 50-60 Gy in 1.8-2.0 Gy
fractions. The chemotherapy regimen typically
included platinum, taxane, and fluorouracil.

Surveillance and recurrence

All patients were followed up every 3 months for
the first 2years, every 6 months in years 3 and 4,
and annually after that. Follow-up evaluation
consisted of clinical examination, blood tests, and
neck/chest/abdominal computed tomography and
barium swallow, and pathological biopsy was
attempted once suspicious recurrence was
reported.

LRR was defined as recurrence at the anastomo-
sis, tumor bed, and lymphatic drainage of supra-
clavicular, mediastinal, left gastric, or celiac trunk
regions. In contrast, DM was defined as nonre-
gional lymph node recurrence or systemic metas-
tases. Localization and the date of identification
of the first recurrences were recorded, and multi-
ple recurrences detected within 1 month were
considered synchronous.

Statistical analysis

A chi-square test was used to compare categorical
data. Overall survival (OS) was estimated using
the K-M analysis with the log-rank test.
Independent risk factors associated with LRR
and DM were identified using multivariate analy-
sis based on competing-risks regression for
patients who underwent surgery alone. Death
before estimating recurrence was defined as a
competing risk. Patients from the Cancer
Hospital, Chinese Academy of Medical Sciences
were defined as the training cohort, and those
from the Fujian Provincial Cancer Hospital were
defined as the validating cohort.

Next, a predictive nomogram was developed
based on independent risk factors associated with
LRR, and then the external validation was per-
formed. The area under the curve (AUC) values
of the time-dependent receiver operating charac-
teristic (ROC) curve was used to calculate the
predictive power of the nomogram; calibration
was conducted by comparing the decile of pre-
dicted probabilities and actual probabilities.

Finally, a decision tree analysis was conducted to
determine two optimal cutoff points based on the
LRR nomogram scores; and the overall patients
were further stratified into low-, intermediate-,
and high-risk groups. Then, cumulative incidence
analysis was used to describe the LRR and DM
rates, of which the difference between the S
(defined as the patients who received surgery
alone) and PORT groups (defined as the patients
who received surgery followed by radiotherapy)
was compared with Fine and Gray’s test.
Stabilized inverse probability of treatment weight-
ing (sIPTW) was conducted to reduce selection
bias by balancing the baseline of characteristics
between the S and PORT groups.22 All tests were
two-sided, and the criterion for significance was
p<<0.05. All statistical analyses were conducted
using SPSS (version 23.0; Chicago, IL, USA)
and R (version 3.4.3; R Foundation for Statistical
Computing, Vienna, Austria) software.

Results

A total of 3652 patients were included in the anal-
ysis, with 2668 patients in the S group and 984
patients in the PORT group. The baseline char-
acteristics of the overall cohort are summarized in
Table 1. The median age of the entire patient was
58years (range, 28-83 years) and the median
length of primary length was 5.0 cm (range, 1.0—
20.0cm). More than 60% of lesions in this analy-
sis were located in the middle esophagus. Most
lesions invaded outside the esophageal wall (T3—
4a), with more than 50% of lesions having node-
positive diseases. Since pT1INOMO patients for
whom PORT was not performed as a standard
treatment were excluded, all pT1 patients in this
study only underwent surgery. Nearly 30% of
patients underwent adjuvant therapy. Younger
patients and those with a longer lesion length,
higher histologic grade, or a more advanced path-
ological stage were more likely to undergo PORT.

The baseline characteristics of patients in the S
group are summarized in Supplemental Table 1.
The median follow-up period was 61.5months
[95% confidence interval (CI) 59.7—63.3], with
1-, 3-, and 5-year OS rates of 88.1%, 60.7%, and
50.6%, respectively. Death from any cause
occurred in 1297 patients. The median follow-up
period was 62.0months (95% CI 60.1-63.9) in
the training cohort and 59.7months (95% CI
55.6-63.8) in the validation cohort. The 1-, 3-,
and 5-year OS rates in the training cohort were
87.2%, 57.0%, and 47.5%, and in the validation
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Table 1. Baseline characteristics of the S and PORT groups.

All patients (n=3652) S group (n=2668) PORT group (n=984) pvalue
n (%) n (%) n (%)
Sex <0.001
Male 2848 (78.0) 2023 (75.8) 825 (83.8)
Female 804 (22.0) 645 (24.2) 159 (16.2)
Age <0.001
<60 2133 (58.4) 1452 (54.4) 681(69.2)
>60 1519 (41.6) 1216 (45.6) 303 (30.8)
Tumor location 0.002
Upper 320(8.8) 214 (8.0) 106 (10.8)
Middle 2159 (59.1) 1618 (60.6) 541 (55.0]
Lower 1173 (32.1) 836 (31.3) 337 (34.2)
Length <0.001
<5 1533 (42.0) 1209 (45.3) 324(32.9)
=5 2119 (58.0) 1459 (54.7) 660 (67.1)
Histologic grade <0.001
G1 689 (18.9) 544 (20.4) 145 (14.7)
G2 2073 (56.8) 1526 (57.2) 547 (55.6)
G3 890 (24.4) 598 (22.4]) 292(29.7)
LvsSI <0.001
None 3168 (86.7) 2347 (88.0) 821 (83.4)
Present 484 (13.3) 321(12.0) 163 (16.6)
Operation 0.011
2 field 1958 (53.6) 1401 (52.5) 557 (56.6)
3 field 1694 (46.4) 1267 (47.5) 427 (43.4)
Pathologic T stage <0.001
T 194 (5.3) 144 (5.4) 50 (5.1)
T2 713 (19.5) 580 (21.7) 133 (13.5)
T3 2552 (69.9) 1864 (69.9) 688 (69.9)
T4 193 (5.3) 80 (3.0) 113 (11.5)
[Continued)
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Table 1. (Continued)

All patients (n=3652) S group (n=2668)  PORT group (n=984)  p value
n (%) n (%) n (%)
Pathologic N stage <0.001
NO 1762 (48.2) 1564 (58.6) 198 (20.1)
N1 1086 (29.7) 634 (23.8) 452 (45.9)
N2 601 (16.5) 346 (13.0) 255 (25.9)
N3 203 (5.6) 124 (4.6) 79 (8.0
AJCC 8th staging <0.001
| 186 (5.1) 186 (7.0 -
I1A 937 (25.7) 845 (31.7) 92(9.3)
IIB 682 (18.7] 550 (20.6) 132 (13.4)
1A 208 (5.7) 116 (4.3) 92(9.3)
1B 1378 (37.7) 821(30.8) 557 (56.6)
IVA 261 (7.1) 150 (5.6) 111 (11.3)
Treatment method <0.001
Surgery alone 2603 (71.2) 2603 (97.6) -
Adjuvant 776 (21.3) - 776 (78.9)
radiation
Adjuvant 208 (5.7) - 208 (21.1)
chemoradiation
Adjuvant 65 (1.8) 65 (2.4) -
chemotherapy
Risk classification <0.001
Low 1065 (29.2) 944 (35.4) 121(12.3)
Intermediate 1936 (53.0) 1363 (51.1) 573 (58.2)
High 651(17.8) 361 (13.5) 290 (29.5)

AJCC, American Joint Committee on Cancer; LVSI, lymph vascular space invasion; PORT, postoperative radiotherapy; S,

surgery.

cohort were 89.3%, 66.8%, and 55.7%, respec-
tively. Recurrence occurred in 922 patients in the
training cohort and 473 patients in the validation
cohort. In the training cohort, the median time to
overallrecurrence, LRR, and DM was 11.1 months,
11.0months, and 11.5months, respectively, and
11.8months, 12.2months, and 11.0months,
respectively, in the validation cohort.

Competing-risks nomogram development

and external validation

In the training cohort, multivariate analysis iden-
tified male sex, age younger than 60 years, upper
and middle esophageal tumor, high tumor grade,
and advanced N categories as independent risk
factors for a high LRR rate. Furthermore, male
sex, high tumor grade, and advanced N categories
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were independent predictors of DM rate (Table 2).
The competing-risks nomogram for LRR is illus-
trated in Figure 1. The risk score was the sum of
points assigned by independent risk factors, and
1-, 2-, and 3-year LRR probabilities were pre-
dicted according to the lowest scale. The 3-year
AUC values of time-dependent ROC curves were
0.638 in the training cohort and 0.706 in the vali-
dation cohort, respectively (Figure 2(a) and (b)).
The calibration plot for the probability of 3-year
LRR was consistent between the predictive and
actual survival rates (Figure 2(c) and (d)).

Locoregional recurrence stratification

The decision tree analysis identified two cutoff
points (scores of 79 and 135.5), and 3 risk catego-
ries were developed (Figure 3(a)). Patients with a
risk score of <79 were assigned to the low-risk
group (1065 of 3652, 29.2%) and those with a risk
score of >79 to <135.5 were assigned to the inter-
mediate-risk group (1936 of 3652, 53.0%), with
the remaining patients assigned to the high-risk
group (651 of 3652, 17.8%) with a risk score
of >135.5. The baseline characteristics of the dif-
ferent groups are summarized in Supplemental
Table 2. For patients receiving surgery alone, the
OS, LRR, and DM rates in each group were signifi-
cantly distinct from each other (Figure 3(b)—(d)).

Cumulative incidence analysis in each risk

group

In the low-risk group, the median time to recur-
rence was 13.9months in the S group and
13.2months in the PORT group. The 3-year
LRR rate was significantly lower in the S group
than that in the PORT group, but the 3-year DM
rate and 5-year OS rate were similar between the
two treatment groups (Figure 4(a)-(c)). The
baseline characteristics before and after sSIPTW in
each risk group were summarized in Supplemental
Table 3. After SIPTW, the 5-year OS rates were
comparable between treatment groups (S group:
66.8%; PORT group: 71.9%; p =0.461)
(Supplementary Figure 1A).

In the intermediate-risk group, the median time
to recurrence was 12.0 months in the S group and
16.7months in the PORT group. Patients in the
PORT group were significantly associated with a
lower 3-year LRR rate and a higher 3-year DM
rate compared with those in the S group, whereas
the 5-year OS was similar between the two

treatment groups (Figure 4(d)—(f)). However, the
baseline characteristics were unbalanced, and a
more advanced N stage was observed in the
PORT group compared with the S group. After
sIPTW, PORT reversely correlated with an
improved 5-year OS rates (S group: 45.2%;
PORT group: 55.4%; p <0.001) (Supplementary
Figure 1B).

In the high-risk group, the median time to recur-
rence was 6.9months in the S group and
11.7 months in the PORT group. A lower 3-year
LRR rate, a higher 3-year DM rate, and an
improved 5-year OS rate were observed in the
PORT group compared with the S group (Figure
4(g)—(1)). After sIPTW, PORT still significantly
correlated with an improved 5-year OS rate (S
group: 19.6%; PORT group: 29.0%; »p<<0.001)
(Supplementary Figure 1 C).

Toxicity

Toxicities were evaluated according to the
Common Terminology Criteria for Adverse
Events v3.0 and Radiation Therapy Oncology
Group. The rates of radiotherapy-related early
adverse reactions were 39.0% (n=384) for radia-
tion esophagitis (grade 3/4, n=16) and 6.5%
(n=64) for upper digestive tract, respectively.
The rates of grade 3/4 hematology were 6.7%
(n=66) in the PORT group, and 4.6% (3/65)
patients in the S group (only for those who
received surgery plus adjuvant chemotherapy).
Besides, the frequency of anastomotic stenosis
was 15 and 7 patients in the PORT and S groups,
respectively. A total of five patients in the S group
died of gastric bleeding during follow-up com-
pared with eight patients in the PORT group, but
it was not clear whether the death was related to
radiotherapy.

Discussion

It is necessary to identify patients at a high risk of
LRR after surgery without receiving neoadjuvant
therapy and estimate whether these patients could
benefit from PORT. Accordingly, the current
study developed a competing-risks nomogram to
evaluate an individual risk of LRR in TESCC
patients after radical esophagectomy. The nomo-
gram showed good prognostic efficacy and high
generalizability when validated in an external
cohort. Patients were stratified into three risk cat-
egories using a decision tree analysis, and those in
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Table 2. Multivariate competing-risks analysis of locoregional recurrence and distant metastasis in unirradiated patients in the
training cohort.

Variable Locoregional recurrence Distant recurrence
Multivariate analysis Multivariate analysis
Hazard ratio 95% CI p value Hazard ratio  95% CI p value
Sex 0.024 0.002
Male Ref Ref
Female 0.772 0.618-0.966 0.578 0.407-0.820
Age 0.035 0.98
<60 Ref Ref
>60 0.835 0.707-0.988 0.997 0.779-1.274
LVsSI 0.380 0.84
None Ref Ref
Present 1.125 0.865-1.464 1.039 0.718-1.505
Length 0.170 0.084
<5 Ref Ref
=5 0.886 0.745-1.055 1.249 0.970-1.607
Removed lymph nodes 0.150 0.200
<16 Ref Ref
=16 0.872 0.723-1.053 0.832 0.629-1.101
Histologic grade 0.046 <0.001
G3 Ref Ref
G2 0.933 0.768-1.134 0.611 0.467-0.799
G1 0.718 0.548-0.941 0.467 0.310-0.704
Tumor location 0.004 0.480
Lower Ref Ref
Middle 1.281 1.072-1.531 1.132 0.878-1.460
Upper 1.630 1.135-2.341 1.308 0.749-2.284
Pathologic T stage 0.13 0.680
T Ref Ref
T2 1.985 1.054-3.739 0.977 0.481-1.983
T3 2.087 1.127-3.866 1.150 0.592-2.234
T4 1.921 0.774-4.768 1.429 0.505-4.044

(Continued)
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Table 2. (Continued)

Variable

Locoregional recurrence

Distant recurrence

Multivariate analysis

Multivariate analysis

Hazard ratio 95% CI p value Hazard ratio 95% ClI p value
Pathologic N stage <0.001 <0.001
NO Ref Ref
N1 1.396 1.138-1.713 1.353 0.985-1.858
N2 1.717 1.324-2.228 2.056 1.442-2.931
N3 2.332 1.521-3.574 3.453 2.099-5.681
Chemotherapy 0.089 0.200
Surgery alone Ref Ref
Received 0.973 0.649-1.459 0.506 0.264-0.972
Cl, confidence interval; LVSI, lymph vascular space invasion.
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Figure 1. Nomogram for locoregional recurrence developed from the training cohort.

the intermediate- and high-risk groups could
obtain survival benefits from PORT.

Several reports have investigated the risk factors
associated with postoperative recurrence in
patients with esophageal cancer. Peyre er al.l4
reported that node status, depth of invasion, and
the number of involved lymph nodes as

significant determinants of system disease. Other
studies!%:23-26 reported the risk of tumor recur-
rence was mainly associated with surgical
approaches, age, dysphagia, tumor length, histo-
logic grade, and so on. Similarly, our study identi-
fied five risk factors associated with LRR and
DM, including sex, age, histologic grade, tumor
location, and N-stage. Besides with N-stage, five
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(a) Training dataset (b) Validation dataset
N . /H—P'~ d
o | - < | 7 Vg
o ~ ° 7 *
#% A
Z P
© - 4 o |
s // L o
2z >
3 y H
3 A Z
§ / s
) *
* <
° S
o~ ~
° o
— 1-Year AUC0.626 — 1-Year AUC0.702
o | 2:Yoar AUC0.634 o | 2:Yoar AUC0.705
5 — 3.Year AUC0.638 ° — 3.Yoar AUC0.706
T T T T T T T T T T T T
0.0 02 04 06 08 1.0 0.0 02 04 06 08 1.0
( ) 1-Specificity ( d) 1-Specificity
100 % - 100 %
75% 75% -
z 2
3 3
g &
2 8
§50% §50% —
2 p H
3 ,. o H
© e e °
g e 2
3 o 5
g 97 é
9_0' e
0, ¥
25% o7 25% o/"/
% 0-2
° ’rj"
0% -

0% - .~

0% 25% 50 % 5%

Predicted event probability

100 % 0% 25% 50 % 75%

Predicted event probability

100 %

Figure 2. (a) Receiver operating characteristic (ROC) curves for 1-, 2-, and 3-year locoregional recurrence (LRR] according to the
nomogram in the training cohort. The area under the curve (AUC): blue line (1-year], yellow line (2-year), gray line (3-year). (b)
ROC curves for 1-, 2-, and 3-year LRR rates according to the nomogram in the validation cohort. AUC: blue line (1-year), yellow
line (2-year), gray line (3-year). (c] Calibration plot for 3-year LRR prediction according to the nomogram in the training cohort. (d)
Calibration plot for 3-year LRR prediction according to the nomogram in the validation cohort.

clinicopathologic factors were added in the LRR
nomogram, which demonstrated good prognostic
discrimination and a high reproducibility when
externally validated with AUC values ranging
from 0.638 to 0.706, as demonstrated by some
investigators’ reports that the C-index of nomo-
grams in predicting recurrence ranged from 0.62
to 0.69.2729 However, few clinical studies have
reported a C-index exceeding 0.75, which might
indicate that recurrence prediction is complex
and can be affected by other unknown factors. In
the study reported by Gregory et al.,>° tumor
genomics was an effective supplement for clinico-
pathologic factors to predict recurrence pattern
after surgery of early-stage lung adenocarcinoma.
Thus, more laboratory studies to identify tumor

genomic factors associated with recurrence in
esophageal cancer may be warranted.

Based on individual risk quantification of LRR,
all TESCC patients were classified into three risk
categories, which had significant implications for
the decision-making of PORT. In the low-risk
group, the main component of this cohort was
patients in the pNO-1 stage, with the lowest LRR
rate (19.2%) and the highest OS rate (67.6%).
We found that PORT correlated with a reduced
LRR rate without significant influence on OS,
which is consistent with the prospective study
reported by Deng er al.3! Therefore, these data
indicated that intensive PORT may be of less
value for patients in the low-risk group. For
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Figure 3. (a) Decision tree analysis according to the effect of nomogram score on locoregional recurrence (LRR] in unirradiated
patients. (b) Cumulative incidence of LRR rate and distant metastasis (DM] rate. (c] Cumulative incidence of DM. (d) Cumulative
incidence of mortality.

patients in the intermediate-risk group, the within this group, but we still highly recom-

median time to recurrence was 12.0months and
approximately 30% of patients developed LRR.
Given the unbalanced baseline characteristics
between the two groups, the cumulative incidence
analysis showed that PORT is significantly associ-
ated with a reduced LRR rate but not with
improved OS. After sSIPTW, 5-year OS was sig-
nificantly higher in the PORT group compared
with the S group (45.2% wversus 55.4%, respec-
tively; »<<0.001). However, caution should still
be exercised when drawing conclusions because
of the considerable heterogeneity of patients

mended PORT for patients in the intermediate-
risk group. For patients in the high-risk group,
the LRR rate was remarkably high (39.8%) and
half of the recurrence occurred within 7 months.
Compared with surgery alone, there was an evi-
dent reduction of risk in LRR and a significant
improvement on OS in favor of PORT, which
was still consistent with the result after balancing
the baseline characteristics, suggesting PORT for
patients in the high-risk group may be warranted.
Similar findings were reported in previous stud-
ies,32-35 gpecifically, PORT correlated with a
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Figure 4. Cumulative incidence of locoregional recurrence (LRR] rate, distant metastasis (DM] rate, and overall survival (0S) in the
low-risk group (a-c), intermediate-risk group (d-f], and high-risk group (g-i), respectively. S: surgery; PORT: postoperative radiation

therapy.

better prognosis in more locally advanced esoph-
ageal cancer patients.

The rationale for combined system therapy in
TESCC is the high prevalence of DM after sur-
gery. In this context, we found the rates of DM
were relatively high in the intermediate- and high-
risk groups (15.2% and 23.7%, respectively).
Similarly, Mariette ez al.® reported that 19.8% of

patients developed DM after curative esophagec-
tomy for thoracic esophageal cancer. Furthermore,
given that a proportion of patients survived longer
after PORT due to a reduction in LRR and a pro-
longed regular recurrence time, DM occurred
more frequently and became the main reason for
failure in the PORT group. The value of postop-
erative chemoradiation therapy in treating resect-
able TESCC remains uncertain, but a recent
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meta-analysis of 2165 patients demonstrated that
postoperative chemoradiation is associated with
significantly improved OS and significantly
reduced LRR rate compared with non-chemora-
diation postoperative treatments (chemotherapy
alone, radiotherapy alone, or observation).3% The
integration of chemotherapy, radiotherapy, and
immunotherapy is a way to go of esophageal can-
cer therapy. These treatment approaches might
only bring survival benefits at certain stages of
treatment. Hence, clinicians needed to pay more
attention to the risk-stratified studies, as the
CheckMate 57737 trial reported nivolumab was
associated with significant improvement in dis-
ease-free survival after neoadjuvant chemoradio-
therapy and surgery in patients with resected
esophageal or gastroesophageal junction cancer
who did not achieve the pathological complete
response.

The major limitation of this study is selection bias
due to the nature of the retrospective analysis.
Our study comprised a small number of cases
using minimally invasive esophagectomy, which
has become more prevalent in recent years.
However, a meta-analysis reported no statistically
significant differences in long-term oncological
outcomes between the minimally invasive
esophagectomy and open esophagectomy.3®
Therefore, our results could still assist clinical
decision-making. In addition, the LRR nomo-
gram was limited to the patients who received
surgery alone but not to patients who received
neoadjuvant treatment. Nevertheless, our study
also has several strengths: it involved a large
cohort of TESCC patients with long-term follow-
up; it used an independent cohort as the external
validation; it is unique in its stratification of recur-
rence risk groups based on the cumulative score
of the nomogram. However, this approach for
selected potential beneficiaries of PORT needed
to be validated in a prospective trial.

In conclusion, a competing-risks nomogram could
effectively quantify the individualized risk of LRR
by integrating independent risk factors, and patient
stratification by decision tree analysis showed good
discrimination between recurrence patterns. This
newly defined intermediate- and high-risk patient
subgroup is highly recommended to undergo PORT
for survival benefits. This study provides clinical
guidance for adjuvant radiotherapy for TESCC
patients after surgery and lays a preliminary founda-
tion for designing a prospective stratified trial.

Acknowledgements

We appreciate the financial support by the Beijing
Hope Run Special Fund of Cancer Foundation of
China (LC20161.04).

Author contributions

ZX and JH participated in the study conception
and design, data analysis, reviewed the paper and
approved the final draft for submission; XC and
J.C participated in statistical analyses and drafted
the manuscript; WZ, JY, SY, WD, and WN par-
ticipated in methodology, investigation, reviewed
the paper, and approved the final draft for sub-
mission. ZZ, DC, QF, JL, JL., ZH, LW, and YL
participated in investigation, reviewed the paper,
and approved the final draft for submission. XC,
QX, YM, YG, DW, FF, and SG participated in
conceptualization, reviewed the paper, and
approved the final draft for submission.

Conflict of interest statement

The authors declared no potential conflicts of
interest with respect to the research, authorship,
and/or publication of this article.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: This work was
supported by the Beijing Hope Run Special Fund
of Cancer Foundation of China (LC20161.04).

ORCID iDs
Jungiang Chen
1484-9382

Jie He
5403

Zefen Xiao
6814

https://orcid.org/0000-0003-

https://orcid.org/0000-0002-0285-

https://orcid.org/0000-0003-0503-

Supplemental material
Supplemental material for this article is available
online.

References
1. Shapiro J, van Lanschot JJB, Hulshof MCCM,
et al. Neoadjuvant chemoradiotherapy plus
surgery versus surgery alone for oesophageal or
junctional cancer (CROSS): long-term results of
a randomised controlled trial. Lancet Oncol 2015;
16: 1090-1098.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam
https://orcid.org/0000-0003-1484-9382
https://orcid.org/0000-0003-1484-9382
https://orcid.org/0000-0002-0285-5403
https://orcid.org/0000-0002-0285-5403
https://orcid.org/0000-0003-0503-6814
https://orcid.org/0000-0003-0503-6814

X Chang, J Chen et al.

2. Yang H, Liu H, Chen Y, ez al. Neoadjuvant
chemoradiotherapy followed by surgery versus
surgery alone for locally advanced squamous cell

carcinoma of the esophagus (NEOCRTEC5010):

a phase III multicenter, randomized, open-label
clinical trial. ¥ Clin Oncol 2018; 36: 2796—2803.

3. Rice TW, Chen LQ, Hofstetter WL, ez al.
Worldwide Esophageal Cancer Collaboration:
pathologic staging data. Dis Esophagus 2016; 29:
724-733.

4. Rice TW, Ishwaran H, Hofstetter WL, et
al. Recommendations for pathologic staging
(PTNM) of cancer of the esophagus and
esophagogastric junction for the 8th edition
AJCC/UICC staging manuals. Dis Esophagus
2016; 29: 897-905.

5. National Comprehensive Cancer Network:
NCCN Clinical Practice guidelines in oncology:
esophageal and esophagogastric junction
cancers version 2 2020, https://www.nccn.org/
professionals/physician_gls/pdf/esophageal.pdf

6. Lerut T, Nafteux P, Moons J, et al. Three-
field lymphadenectomy for carcinoma of the
esophagus and gastroesophageal junction in 174
RO resections: impact on staging, disease-free
survival, and outcome: a plea for adaptation of
TNM classification in upper-half esophageal
carcinoma. Ann Surg 2004; 240: 962-974.

7. Nakagawa S, Kanda T, Kosugi SI, ez al.
Recurrence pattern of squamous cell carcinoma
of the thoracic esophagus after extended
radical esophagectomy with three-field
lymphadenectomy. ¥ Am Coll Surg 2004; 198:
205-211.

8. Hsu PK, Huang CS, Wu YC, ez al. Open versus
thoracoscopic esophagectomy in patients with
esophageal squamous cell carcinoma. World ¥
Surg 2014; 38: 402-409.

9. Mariette C, Balon JM, Piessen G, et al. Pattern
of recurrence following complete resection of
esophageal carcinoma and factors predictive of
recurrent disease. Cancer-Am Cancer Soc 2003;
97: 1616-1623.

10. Liu Q, Cai XW, Wu B, ez al. Patterns of failure
after radical surgery among patients with
thoracic esophageal squamous cell carcinoma:
implications for the clinical target volume design
of postoperative radiotherapy. PLoS ONE 2014;
9: e0097225.

11. Parry K, Visser E, van Rossum PS, ez al.
Prognosis and Treatment After Diagnosis of
Recurrent Esophageal Carcinoma Following
Esophagectomy with Curative Intent. Ann Surg
Omncol 20155 22: S1292-S1300.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Blom RL, Lagarde SM, Oudenaarde K, er al.
Survival after recurrent esophageal carcinoma has
not improved over the past 18 years. Ann Surg
Oncol 2013; 20: 2693-2698.

Su X-D, Zhang D-K, Zhang X, et al. Prognostic
factors in patients with recurrence after complete
resection of esophageal squamous cell carcinoma.
F Thorac Dis 20145 6: 949-957.

Peyre CG, Hagen JA, DeMeester SR, ez al.
Predicting systemic disease in patients with
esophageal cancer after esophagectomy a
multinational study on the significance of the
number of involved lymph nodes. Ann Surg 2008;
248: 979-985.

Shim YM, Kim HK and Kim K. Comparison of
survival and recurrence pattern between two-field
and three-field lymph node dissections for upper
thoracic esophageal squamous cell carcinoma.

F Thorac Oncol 20105 5: 707-712.

Weiser MR, Landmann RG, Kattan MW, ez

al. Individualized prediction of colon cancer
recurrence using a nomogram. J Clin Oncol 2008;
26: 380-385.

Sweldens C, Peeters S, van Limbergen E, ez al.
Local relapse after breast-conserving therapy

for ductal carcinoma in situ: a European single-
center experience and external validation of the
Memorial Sloan-Kettering Cancer Center DCIS
nomogram. Cancer ¥ 2014; 20: 1-7.

Zhang WY, Chen XX, Chen WH, ez al.
Nomograms for predicting risk of locoregional
recurrence and distant metastases for esophageal
cancer patients after radical esophagectomy.
BMC Cancer 2018; 18: 1-8.

Xiao ZF, Yang ZY, Liang ], et al. Value of
radiotherapy after radical surgery for esophageal
carcinoma: a report of 495 patients. Ann Thorac
Surg 2003; 75: 331-336.

Chen J, Liu S, Pan ], et al. The pattern and
prevalence of lymphatic spread in thoracic
oesophageal squamous cell carcinoma. Eur ¥
Cardiothorac Surg 2009; 36: 480-486.

Chen ], Zhu ], Pan ], er al. Postoperative
radiotherapy improved survival of poor prognostic
squamous cell carcinoma esophagus. Ann Thorac
Surg 20103 90: 435-442.

Xu S, Ross C, Raebel MA, et al. Use of stabilized
inverse propensity scores as weights to directly
estimate relative risk and its confidence intervals.
Value Health 20105 13: 273-277.

Lerut T, Moons J, Coosemans W, ez al.
Postoperative complications after transthoracic
esophagectomy for cancer of the esophagus and

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam
https://www.nccn.org/professionals/physician_gls/pdf/esophageal.pdf
https://www.nccn.org/professionals/physician_gls/pdf/esophageal.pdf

Therapeutic Advances in Medical Oncology 13

Visit SAGE journals online
journals.sagepub.com/
home/tam

®SAGE journals

24.

25.

26.

27.

28.

20.

30.

31.

gastroesophageal junction are correlated with
early cancer recurrence: role of systematic grading
of complications using the modified Clavien
classification. Ann Surg 2009; 250: 798-807.

Tanaka H, Ohira M, Kubo N, ez al. Association
of location of lymph node metastases with
postoperative recurrence of esophageal squamous
cell carcinoma. Anticancer Res 20125 32: 3421—
3426.

Situ D, Wang J, Lin P, er al. Do tumor location
and grade affect survival in pT3NOMO esophageal
squamous cell carcinoma. ? ¥ Thorac Cardiovasc
Surg 2013; 146: 45-51.

Hsu PK, Wang BY, Huang CS, er al. Prognostic
Factors for Post-recurrence Survival in
Esophageal Squamous Cell Carcinoma Patients
with Recurrence after Resection. ¥ Gastrointest
Surg 2011; 15: 558-565.

Yi M, Meric-Bernstam F, Kuerer HM, et

al. Evaluation of a breast cancer nomogram

for predicting risk of ipsilateral breast tumor
recurrences in patients with ductal carcinoma in
situ after local excision. ¥ Clin Oncol 2012; 30:
600-607.

Werkhoven E, Van Hart G, Tinteren H, et al.
Nomogram to predict ipsilateral breast relapse
based on pathology review from the EORTC
22881-10882 boost versus no boost trial.
Radiother Oncol 2011; 100: 101-107.

Rodrigues G, Warner A, Zindler J, et al. A clinical
nomogram and recursive partitioning analysis

to determine the risk of regional failure after
radiosurgery alone for brain metastases. Radiother
Oncol 2014; 111: 52-58.

Jones GD, Brandt WS, Shen R, ez al. A genomic-
pathologic annotated risk model to predict
recurrence in early-stage lung adenocarcinoma.
FAMA Surg 2020; 156: €205601.

Deng W, Yang J, Ni W, ez al. Postoperative
radiotherapy in pathological T2—-3N0OMO thoracic

32.

33.

34.

35.

36.

37.

38.

esophageal squamous cell carcinoma: interim
report of a prospective, phase III, randomized
controlled study. Oncologist 20205 25: €701-e708.

Yu S, Zhang W, Ni W, ez al. A propensity-
score matching analysis comparing long-term
survival of surgery alone and postoperative
treatment for patients in node positive or stage
IIT esophageal squamous cell carcinoma after
RO esophagectomy. Radiother Oncol 2019; 140:
159-166.

Zhang W, Liu XX, Xiao Z, et al. Postoperative
intensity-modulated radiotherapy improved
survival in lymph node-positive or stage III
thoracic esophageal squamous cell carcinoma.
Omncol Res Trear 20155 38: 97-102.

Chen J, Pan J, Zheng X, et al. Number and
location of positive nodes, postoperative
radiotherapy, and survival after Esophagectomy
with three-field lymph node dissection for
thoracic esophageal squamous cell carcinoma. Int
F Radiat Oncol Biol Phys 2012; 82: 475-482.

Xiao ZF, Yang ZY, Miao Y], ez al. Influence of
number of metastatic lymph nodes on survival
of curative resected thoracic esophageal cancer
patients and value of radiotherapy: report of
549 cases. Int ¥ Radiat Oncol Biol Phys 2005; 62:
82-90.

Kang J, Chang JY, Sun X, e al. Role of
postoperative concurrent chemoradiotherapy for
esophageal carcinoma: a meta-analysis of 2165
patients. ¥ Cancer 2018; 9: 584-593.

Kelly RJ, Ajani JA, Kuzdzal ], er al. Adjuvant
nivolumab in resected esophageal or
gastroesophageal junction cancer. N Engl ¥ Med
20215 384: 1191-1203.

Patel K, Askari A and Moorthy K. Long-term
oncological outcomes following completely
minimally invasive esophagectomy versus open
esophagectomy. Dis Esophagus off J Int Soc Dis
Esophagus 2020; 33: 1-10.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam

