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Abstract
Background

Esophagus cancer (EC) is a common and lethal carcinoma, however, the effectiveness and feasibility of the
conventional treatments for the elderly patients with surgery have not been discussed fully. The purpose of the
current study is to discuss the potential effect of chemotherapy and radiotherapy on the prognosis.

Results

By PSM, chemotherapy (sHR: 0.588, 95%CI: 0.453-0.763, P<0.001) and radiotherapy (sHR: 0.652, 95%CI: 0.513-
0.83, P<0.001) were showed a negative correlation to the probability of cancer speci�c death (CSD). Based on
the nomogram, patients with poor differentiation, large tumor size, advanced T-staging, lymphatic metastasis
and distant metastasis tended to bene�t from chemotherapy (HR: 0.441, 95%CI: 0.364-0.533, P < 0.001) or
radiotherapy (HR: 0.539, 95%CI: 0.448-0.649, P < 0.001) to decrease the probabilities of CSD, while no bene�t or
even harm was showed among the low-risk ones.

Conclusion

Aggressive treatment such as chemotherapy or radiotherapy was considered effective for the selective elder
patients with EC.

Introduction
Esophagus cancer (EC) is a common upper gastrointestinal tract carcinoma with high morbidity and mortality
worldwide, with approximately 5.5% of new digestive tumor cases and 2.7% of tumor mortality in 2020.(1) And
the incidence is believed to be increasing,(2) especially in some developing and deprived regions such as
Eastern Asia as well as Southern and Eastern Africa.(3)

Recently, much progress referring the treatment has been made to improve the quality of life as well as to
prolong the survival time, such as minimally invasive surgery for early-stage esophagus,(4) neoadjuvant
chemotherapy for potentially respectable esophageal cancers histologically con�rmed as squamous cell
carcinoma (SCC)(5) or adenocarcinoma (AC)(6) at locally advanced stage as well as immune checkpoint
inhibitor(7) for advanced EC. Despite this, owing to its extreme aggressive behaviors and the insensitiveness to
the conventional treatment, the prognosis is still poor, accounting for 15–25% overall 5-year survival rate
worldwide.(2) Numerous studies(8–10) have indicated that old-age was a risk factor in reducing the survival
probability of patients. Since the EC patients older than 70 years are not considered as candidates in regular
clinical trials(11) for the decline of physiological function and the underlying comorbidities, the data concerning
the management is limited and the principle of treatment remains unclear.(12) However, with the aging process
of the global population, it is urgent to explore the roles of conventional treatments referring chemotherapy and
radiotherapy in the old crowd with EC based on the existing data.

In this study, we analyzed the impact of chemotherapy and radiotherapy on the patients older than 70 years
based on a large-scale population cohort from the SEER database. Firstly, we estimated the cumulative
incidence function (CIF)(13) of chemotherapy and radiotherapy for the cancer speci�c death (CSD) based on
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the post-match cohorts respectively. Next, in order to overcome the possible selective bias caused by the
propensity score matching (PSM),(14) a nomogram was established on the pre-match cohort to predict the risk
score for every patient, who could be further labelled as high risk (high-score) or low risk (low-score) according
to the median score of the whole crowds. Finally, predictive models were built to measure the effects of
chemotherapy and radiotherapy in the speci�c old population.

Materials And Methods

Study Design
Cases, histologically con�rmed with EC according to the International Classi�cation of Diseases in Oncology
[ICD-O‐3] ranging from 1998 to 2016, were identi�ed from the Surveillance, Epidemiology, and End Results
(SEER) database using the SEER*Stat Software (version 8.3.8). Since the ‘SEER Combined Stage Group
(2016+)’ was derived from the cases ranging from 2004 to 2015, which were also classi�ed by the TMN(6th )
staging-system, therefore, the above two staging standards could be combined to evaluate the disease. The
tumor size was exactly determined by the record including ‘EOD 10 - size (1988–2003)’, ‘CS tumor size (2004–
2015)’ or ‘tumor Size Summary (2016+)’ respectively, since measurement standards in the past 30 years were
different. On the basis of data collation, a matrix could be built containing such information for race, age at
diagnosis, marital status at diagnosis, anatomical region of EC, histological type and grade, TMN staging-
system(6th), tumor size, treatment record (chemotherapy, radiotherapy and surgery), survival status, survival
time and cause of death for every patient. Patients younger than 70y, with incomplete information, without
surgery, or survival time shorter than 1 month were weeded out from the study.

Statistical Analysis
R-software packages of ‘MatchIt’ and ‘cobalt’ were used to conduct the PSM, packages of ‘survival’, ‘cmprsk’
and ‘survminer’ were used to establish competing risk models, packages of ‘mstate’, ‘riskRegression’ and ‘rmda’
were used to build nomogram, calibration curves and DCA curves. Categorical variables described as count and
relative percentage, were compared by Chi-square test, and P < 0.05 was considered statistically signi�cant.

With the inclusion and exclusion criterion mentioned above, the whole-population cohort was respectively
divided into chemotherapy/non-chemotherapy groups and radiotherapy/non-radiotherapy groups through 1:1
nearest neighbor PSM with a caliper of 0.001, then the sub-distribution hazard ratio (sHR) and hazard ratio (HR)
were calculated to estimate the probabilities of cancer speci�c death (CSD) and overall survival (OS), and the
results were presented by the CIF curves and Kaplan-Meier curves(15, 16), respectively. Love-plot(17) and χ2
test were further performed to assess the effectiveness of PSM. Furthermore, the whole-population cohort was
randomized into training- and validation- sets at a ratio of 7:3. Based on the training set, univariate and
multivariate competing risk models were established to select the independent risk factors for CSD. Next, high-
and low- risk groups could be derived from the training set according to the risk score which was calculated by
the nomogram model built on the risk factors selected by the statistical calculation or clinical experience. After
that, we could estimate the sHR for CSD and HR for OS in the above groups. Furthermore, both in the training-
and validation- sets, concordance indexes (C-index) were calculated to show the discrimination, and calibration
curves were drawn to measure the consistency between the actual and expected value. Finally, decision curve
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analysis (DCA) was conducted to measure the superiorities of the nomogram model over the conventional TNM
staging system.

Results

Baseline Characteristics
A total of 57503 cases were �rstly downloaded from the SEER database (Fig. 1). Next, the initial cases were
selected by the inclusion and exclusion criterion in the sequence as followed, the cases younger than 70y (n = 
35217), unknown race (n = 66), unknown marital status (n = 1093),unknown primary site (n = 2879), not SCC or
AC histological type (n = 1559), unknown differentiation grade (n = 2875), unknown T (tumor)-stage (n = 7565),
unknown N(node) (n = 296), unknown M (metastasis) (n = 57), unknown tumor size (n = 2023), unperformed
surgery or unknown (n = 2611), unknown radiotherapy (n = 12), unknown cause of death (n = 5), survival time
less than 1 month or unknown (n = 24) were excluded. Finally, 1221 eligible patients were left for the further
analysis.

 

Analysis in Post-Match Cohort
Then, the 1221 cases were propensity matched according to the categorical variable of chemotherapy or
radiotherapy respectively, as a result, 442 cases were divided into chemotherapy/non-chemotherapy cohort and
518 cases were divided into radiotherapy/non-radiotherapy cohort.

Before match, only the distributions of race (P = 0.342) in chemotherapy/non-chemotherapy cohort (Table 1),
gender (P = 0.128), race (P = 0.128), marital status (P = 0.066), tumor site (P = 0.865), tumor histological type (P 
= 0.819) and metastasis (P = 0.167) in radiotherapy/non-radiotherapy cohort were all similar (Table 2). While, all
the variates’ distributions became balanced after match, indicating a good comparability between the groups
with and without chemotherapy as well as radiotherapy. Furthermore, two love-plots were created to evaluate
the effectiveness of PSM, plots distributed between the two dashed lines represented balance of corresponding
variables (Supplementary Fig. 1A and 1B).
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Table 1
Clinical characteristics before and after PSM according to chemotherapy or not

Variables Before matching Pa

value

After matching Pa

value
Chemotherapy

n = 622(%)

Non-
chemotherapy

n = 599(%)

Chemotherapy

n = 221(%)

Non-
chemotherapy

n = 221(%)

Gender     0.004     0.897

Male 522(83.92%) 464(77.46%)   186(84.16%) 185(83.71%)  

Female 100(16.08%) 135(22.54%)   35(15.84%) 36(16.29%)  

Race     0.342     1

White 580(93.25%) 550(91.82%)   214(96.83%) 214(96.83%)  

Other race b 42(6.75%) 49(8.18%)   7(3.17%) 7(3.17%)  

Marriage     0.001     0.92

Married 453(72.83%) 381(63.61%)   145(65.61%) 146(66.06%)  

Unmarried 169(27.17%) 218(36.39%)   76(34.39%) 75(33.94%)  

Site     0.044     0.509

Upper third 10(1.61%) 16(2.67%)   5(2.26%) 2(0.9%)  

Middle third 92(14.79%) 115(19.2%)   22(9.95%) 21(9.5%)  

Low third 520(83.6%) 468(78.13%)   194(87.78%) 198(89.59%)  

Histology     0.026     0.704

SCC 118(18.97%) 145(24.21%)   39(17.65%) 36(16.29%)  

Adenocarcinoma 504(81.03%) 454(75.79%)   182(82.35%) 185(83.71%)  

Grade c     0.001     0.849

 + 314(50.48%) 357(59.6%)   103(46.61%) 101(45.7%)  

 + 308(49.52%) 242(40.4%)   118(53.39%) 120(54.3%)  

Size     0.001     0.923

< 35 mm 217(34.89%) 376(62.77%)   92(41.63%) 91(41.18%)  

>=35 mm 405(65.11%) 223(37.23%)   129(58.37%) 130(58.82%)  

a. The p-values of comparing chemotherapy and non-chemotherapy calculated with the use of a chi-square
test;

b. Other race (Black/American Indian/AK Native, Asian/Paci�c Islander);

c. , well differentiation; , moderate differentiation; , poor differentiation; , undifferentiation.
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Variables Before matching Pa

value

After matching Pa

value
Chemotherapy

n = 622(%)

Non-
chemotherapy

n = 599(%)

Chemotherapy

n = 221(%)

Non-
chemotherapy

n = 221(%)

T-stage     0.001     1

T1 72(11.58%) 313(52.25%)   45(20.36%) 45(20.36%)  

T2 107(17.2%) 88(14.69%)   41(18.55%) 41(18.55%)  

T3 398(63.99%) 180(30.05%)   128(57.92%) 128(57.92%)  

T4 45(7.23%) 18(3.01%)   7(3.17%) 7(3.17%)  

Lymph node     0.001     0.924

positive 425(68.33%) 163(27.21%)   113(51.13%) 112(50.68%)  

negative 197(31.67%) 436(72.79%)   108(48.87%) 109(49.32%)  

Metastasis     0.001     0.793

Yes 48(7.72%) 21(3.51%)   8(3.62%) 7(3.17%)  

No 574(92.28%) 578(96.49%)   213(96.38%) 214(96.83%)  

a. The p-values of comparing chemotherapy and non-chemotherapy calculated with the use of a chi-square
test;

b. Other race (Black/American Indian/AK Native, Asian/Paci�c Islander);

c. , well differentiation; , moderate differentiation; , poor differentiation; , undifferentiation.
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Table 2
Clinical characteristics before and after PSM according to radiotherapy or not

Variables Before matching Pa

value

After matching Pa

value
Radiotherapy

n = 574(%)

Non-
radiotherapy

n = 647(%)

Radiotherapy

n = 259(%)

Non-
radiotherapy

n = 259(%)

Gender     0.128     0.797

Male 474(82.58%) 512(79.13%)   225(86.87%) 223(86.1%)  

Female 100(17.42%) 135(20.87%)   34(13.13%) 36(13.9%)  

Race     0.689     0.362

White 533(92.86%) 597(92.27%)   247(95.37%) 251(96.91%)  

Other race b 41(7.14%) 50(7.73%)   12(4.63%) 8(3.09%)  

Marriage     0.066     1

Married 407(70.91%) 427(66%)   174(67.18%) 174(67.18%)  

Unmarried 167(29.09%) 220(34%)   85(32.82%) 85(32.82%)  

Site     0.865     0.301

Upper third 11(1.92%) 15(2.32%)   3(1.16%) 4(1.54%)  

Middle third 96(16.72%) 111(17.16%)   29(11.2%) 19(7.34%)  

Low third 467(81.36%) 521(80.53%)   227(87.64%) 236(91.12%)  

Histology     0.819     0.64

SCC 122(21.25%) 141(21.79%)   46(17.76%) 42(16.22%)  

ACC 452(78.75%) 506(78.21%)   213(82.24%) 217(83.78%)  

Grade c     0.044     0.86

 + 298(51.92%) 373(57.65%)   121(46.72%) 123(47.49%)  

 + 276(48.08%) 274(42.35%)   138(53.28%) 136(52.51%)  

Size     0.001     1

< 35 mm 200(34.84%) 393(60.74%)   103(39.77%) 103(39.77%)  

>=35 mm 374(65.16%) 254(39.26%)   156(60.23%) 156(60.23%)  

a. The p-values of comparing chemotherapy and non-chemotherapy calculated with the use of a chi-square
test;

b. Other race (Black/American Indian/AK Native, Asian/Paci�c Islander);

c. , well differentiation; , moderate differentiation; , poor differentiation; , undifferentiation.
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Variables Before matching Pa

value

After matching Pa

value
Radiotherapy

n = 574(%)

Non-
radiotherapy

n = 647(%)

Radiotherapy

n = 259(%)

Non-
radiotherapy

n = 259(%)

T-stage     0.001     1

T1 65(11.32%) 320(49.46%)   47(18.15%) 47(18.15%)  

T2 99(17.25%) 96(14.84%)   48(18.53%) 48(18.53%)  

T3 368(64.11%) 210(32.46%)   156(60.23%) 156(60.23%)  

T4 42(7.32%) 21(3.25%)   8(3.09%) 8(3.09%)  

Lymph
node

    0.001     1

positive 385(67.07%) 203(31.38%)   145(55.98%) 145(55.98%)  

negative 189(32.93%) 444(68.62%)   114(44.02%) 114(44.02%)  

Metastasis     0.167     0.831

Yes 38(6.62%) 31(4.79%)   12(4.63%) 11(4.25%)  

No 536(93.38%) 616(95.21%)   247(95.37%) 248(95.75%)  

a. The p-values of comparing chemotherapy and non-chemotherapy calculated with the use of a chi-square
test;

b. Other race (Black/American Indian/AK Native, Asian/Paci�c Islander);

c. , well differentiation; , moderate differentiation; , poor differentiation; , undifferentiation.

After that, competing regression models were constructed to identify the chemotherapy (sHR: 0.588, 95%CI:
0.453–0.763, P < 0.001) and radiotherapy (sHR: 0.652, 95%CI: 0.513–0.83, P < 0.001) were both negatively
correlated to the CSD (Fig. 2A-2B). As for the OS, Fig. 2C-2D showed the patients receiving chemotherapy (sHR:
0.631, 95%CI: 0.498-0.8, P < 0.001) or radiotherapy (sHR: 0.653, 95%CI: 0.525–0.812, P < 0.001) were less likely
to have shorter survival.

 

Analysis in Pre-Match Cohort
In order to further study the effect of the chemotherapy and radiotherapy on the speci�c crowd in the
population older than 70y, the 1221 cases were randomly divided into training- and validation- sets. In the
training set, both univariate and multivariate analyses of competing risk models was performed to estimate
probabilities of CSD, as a result, histological grade (‘poorly or un-differentiation grade’ vs ‘well or moderate
differentiation grade’, sHR: 1.41, 95%CI: 1.148–1.72, P < 0.001,), T-stage (T2 vs T1, sHR: 1.62, 95%CI: 1.144-2.3,
P < 0.007; T3 vs T1, sHR: 2.31, 95%CI: 1.677–3.19, P < 0.001; T4 vs T1, sHR: 3.36, 95%CI: 1.964–5.76, P < 0.001)
and lymph node (positive vs negative, sHR: 1.36, 95%CI: 1.078–1.71, P < 0.009) were selected as the
independent factors for the CSD (Table 3).
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Table 3
SHR of characteristics for CSD in univariate and multivariate competing risk models

  Univariate analysis Multivariate analysis

Characteristics sHRa 95%CIb P value sHRa 95%CIb P value

Race            

White 1(Ref)          

Other race c 1.31 0.928–1.86 0.12      

Gender            

Male 1(Ref)          

Female 1.08 0.849–1.37 0.54      

Marriage            

Unmarried 1(Ref)          

Married 0.945 0.765–1.17 0.6      

Site            

Upper third 1(Ref)          

Middle third 0.913 0.485–1.72 0.78      

Low third 0.734 0.4–1.35 0.32      

Histology            

Adenocarcinoma 1(Ref)          

SCC 1.21 0.962–1.53 0.1      

Grade d            

 + 1(Ref)     1(Ref)    

 + 1.73 1.42–2.1 < 0.001 1.41 1.148–1.72 < 0.001

Size            

< 35 mm 1(Ref)     1(Ref)    

>=35 mm 1.79 1.47–2.19 < 0.001 1.12 0.898-1.4 0.31

T-stage            

a. sHR, sub-distribution hazard ratio;

b. CI, con�dence interval;

c. Other race (Black/American Indian/AK Native, Asian/Paci�c Islander);

d. , well differentiation; , moderate differentiation; , poor differentiation; , undifferentiation.
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  Univariate analysis Multivariate analysis

T1 1(Ref)     1(Ref)    

T2 1.96 1.42–2.71 < 0.001 1.62 1.144-2.3 0.007

T3 3.13 2.4–4.09 < 0.001 2.31 1.677–3.19 < 0.001

T4 5.2 3.34–8.1 < 0.001 3.36 1.964–5.76 < 0.001

Lymph node            

Negative 1(Ref)     1(Ref)    

Positive 2.15 1.76–2.63 < 0.001 1.36 1.078–1.71 0.009

Metastasis            

No 1(Ref)     1(Ref)    

Yes 1.86 1.3–2.67 < 0.001 1.33 0.89-2 0.16

a. sHR, sub-distribution hazard ratio;

b. CI, con�dence interval;

c. Other race (Black/American Indian/AK Native, Asian/Paci�c Islander);

d. , well differentiation; , moderate differentiation; , poor differentiation; , undifferentiation.

With consideration of the above statistical results, previously published articles or clinical experiences, a
nomogram was established based on the variates including tumor precise location, histological grade, tumor
size, T-stage, lymphatic and distant metastasis with the purpose of prediction possibilities of CSD in the next 1-,
3- and 5- year (Fig. 3). The c-indexes for the competing risk regression model were 0.634 in the training set and
0.666 in the validation set. As Fig. 4 showed, the 1-, 3-, 5- year predictive probabilities of CSD derived from the
nomogram model were matched well to the actual ones both in the training- (Fig. 4A, Fig. 4C, Fig. 4E) and
validation- (Fig. 4B, Fig. 4D, Fig. 4F) sets. Furthermore, the DCA curves were established by nomogram model
and conventional TNM staging-system for estimating the 1- (Fig. 5A), 3- (Fig. 5B), 5- (Fig. 5C) year net bene�ts
of CSD, re�ecting a superiority of nomogram model over the TNM model for predicting the survival outcomes.
On the basis of risk score for each case derived from the nomogram, the 1221 patients could be separated into
high- (n = 619) and low- risk (n = 602) crowds by the median score of 92 (high risk: score > = 92; low risk: score < 
92). Next, the competing regression model was performed to show that the old patients from the high-risk group
were more likely to bene�t from the chemotherapy (Fig. 6A, sHR:0.512, 95%CI: 0.413–0.635, P < 0.001) and
radiotherapy (Fig. 6B, sHR:0.601, 95%CI: 0.49–0.736, P < 0.001) for the lower probabilities of CSD, while neither
chemotherapy (Fig. 6C, sHR:1.01, 95%CI: 0.736–1.38, P = 0.96) nor radiotherapy (Fig. 6D, sHR:1.19, 95%CI:
0.868–1.63, P = 0.28) could affect the incidence of CSD for the low-risk population. Furthermore, the risk
classi�cation for patients based on the CSD prediction model of nomogram was further used to measure the
OS outcomes, as Fig. 7 showed, the high-risk patients with chemotherapy (Fig. 7A, HR: 0.441, 95%CI: 0.364–
0.533, P < 0.001) or radiotherapy (Fig. 7B, HR: 0.539, 95%CI: 0.448–0.649, P < 0.001) tended to have lower
probabilities of death comparing the ones without it. However, the results were not consistent in the low-risk
group, no signi�cantly different possibilities of survival (Fig. 7C, chemotherapy vs non-chemotherapy, HR:
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1.024, 95%CI: 0.793–1.322, P = 0.855) or even worse survival outcomes (Fig. 7D, radiotherapy vs non-
radiotherapy, HR: 1.307, 95%CI: 1.014–1.684, P = 0.039) was observed among the low-risk population.

Discussion
With the extension of life expectancy, more ES patients would present in their ages over 60 years old.(18) A
Chinese study indicated an increased incidence and mortality was observed among the patients older than
70 years comparing to other age strati�cations,(19) leading to a sharp increase health care costs in both the
developing(20) and developed(21) countries. However, the guidelines that speci�cally address the management
of the older EC patient are rare, only a few studies referring the topics of evaluation and treatment for the
elderly.

In the present study, based on the cohorts after PSM, we found that both chemotherapy and radiotherapy could
present a positive impact on CSD and OS of the elderly patients. Then, the univariate and multivariate
competing regression model were performed to identify lower grade, advanced T-stage and positive lymph node
status were signi�cantly correlated to the higher probabilities of CSD. Besides, the tumor size and distant
metastasis were also considered as the key factors to predict the prognosis of EC. Kamel et.al. pointed out the
size of malignancy (HR = 1.005) was a signi�cantly independent predictor to the CSD for the T1N0M0 patients
based on the SEER database.(22) Malnutritional status were correlated with poor survival,(23) while the tumor
size of esophagus was signi�cantly correlated to nutritional status measured by prognostic nutritional index (p 
= 0.016).(24) Furthermore, larger tumor size was a predictive factor to identify the EC patients who might have a
higher rate of resection with the help of neoadjuvant therapy.(25) When it came to the tumor site, the different
anatomical locations of EC was usually correlated to the variable treatment responses as well as survival
outcome. The upper third was commonly associated with the poor prognosis, but tended to be more sensitivity
to the chemo-radiotherapy.(26) Finally, after reviewing 838 patients with EC between 1982 and 1993, Quint
indicated metastases were commonly diagnosed in lymph nodes, liver, lung, bone, adrenal, etc., determining the
further management and predicting prognosis.(27)

By the variables mentioned above, a nomogram could be established to estimate the risk score for every
patient, then the high- and low- risk (score) groups could be derived from whole-population cohort. With a series
of analysis, both the chemotherapy and radiotherapy were showed to decrease the probabilities of CSD as well
as improve the survival in the high-risk group, indicating elderly patients with the disease characterized as
middle- & upper- third of tumor location, poorly- & un-differentiated of histological grade, >=35 mm of tumor
size, advanced T-stage, positive lymph node and (or) metastasis tend to bene�t from the relative aggressive
treatment. However, in the low-risk group, no signi�cant bene�ts for CSD were observed in the elderly population
neither receiving chemotherapy nor radiotherapy. Furthermore, by performing the log-rank test, a signi�cantly
negative impact of radiotherapy was observed on the OS, suggesting providing aggressive therapies for the old
characterized as low-third of tumor location, well- & moderate-differentiated of histological grade, < 35 mm of
tumor size, early T-stage, negative lymph node and (or) non-metastasis was unfavorable. The above result was
concordance with the current studies as follows.

As for the chemotherapy, the OE0-2 trial conducted by Medical Research Council of the U.K showed, receiving
regimens of cisplatin and 5-FU before surgery (n = 86) could prolong the survival of patients (> 75y) with a HR
of 0.7, compared to the ones receiving surgery alone (n = 79).(28) Besides, a randomized trial from Germany
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indicated that, compared to the double combinations of 5-�uorouracil, leucovorin and oxaliplatin (FLO) a triple
combination of 5-�uorouracil, leucovorin, oxaliplatin and docetaxel (FLOT) could improve therapeutic response
and progression-free survival in the patients aged from 65 to 70 years, which was associated with higher
incidence of side effects for diarrhea (P = 0.006), alopecia (P < 0.001), neutropenia (P < 0.001), nausea (P = 
0.029) and leukopenia (P < 0.001).(29) When it comes to the radiotherapy, the CROSS trail found that
chemoradiotherapy followed surgery was more favorable for patients with a median age of 60y, compared to
the surgery alone.(30) The median OS was 48.6 months versus 24.0 months (HR: 0·68, P = 0·003), respectively.
However, a multi-center randomized phase III trial of FFCD 9901 containing 195 patients with a median age of
approximately 60 years old to study the effect of neoadjuvant chemoradiotherapy on the ones with early stage
EC, as a result, no signi�cant positive impact on rate of R0 resection or survival prognosis was observed, but the
mortality after surgery was increased.(31)

Generally speaking, it was widely accepted that both the chemotherapy and radiotherapy could exert a positive
effect on the survival of elderly EC patients. For instance, after reviewing 21593 EC patients aged 70 years or
older from the National Cancer Database, Gregory et.al pointed out any cancer-related treatment could play a
positive role to prolong the survival of the old EC patient.(32) Similarly, Daniela et.al used SEER
Database(2001–2009) to show that an improved 5-year survival could be observed in the elder patients(≥ 65y)
receiving any medical or surgical therapy.(33) But, the possible defect in these studies was that the authors did
not use competitive risk model to avoid the interference of non-cancer speci�c death on the survival analysis.
Furthermore, with consideration of the balance between bene�ts and harms referring therapies in the old
population, it was vital to identify the speci�c crowd tended to bene�t or be suffered from the anti-tumor
treatment, which was usually absent in most current studies.

There were some limitations in our studies. Firstly, it was a retrospective research based on the SEER only
covering 30% population of the US,(34) with poor representation of the variable incidence and prognosis of EC
worldwide.(35) Secondly, the quali�ed cases involved in our study was not enough to develop a strong
nomogram model with considerable net bene�t. Thirdly, some important information such as the life of quality,
complications and treatment protocols were absent in the SEER database, therefore, the further analysis of
certain speci�c subgroup could not be performed. Last, due to the lack of speci�c time-point for treatment, a
clear causal relationship between treatment and prognosis could not be showed.

Conclusions
Based on the post-match cohorts by PSM, we found chemotherapy and radiotherapy could decrease the
probabilities of CSD and improve OS in the EC patients (> 70y) in general. While the further analysis of sub-
cohort marked as the high- and low- risk groups by a nomogram indicated that the high-risk patients
characterized as middle- & upper- third of tumor location, poorly- & un-differentiated of histological grade,
>=35 mm of tumor size, advanced T-stage, positive lymph node and (or) metastasis could be considered as
bene�ted crowd for the aggressive anti-tumor treatment. However, for the low-risk people characterized as low-
third of tumor location, well- & moderate-differentiated of histological grade, < 35 mm of tumor size, early T-
stage, negative lymph node and (or) non-metastasis, both the chemotherapy and radiotherapy could not bring
therapeutic bene�ts or even exert a negative effect on the survival outcomes. Despite of this, well-designed
trails are still needed to validate our conclusions based on the real-world clinical practice.
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Figure 1

The data selection steps of the present study.
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Figure 2

A. Cumulative incidence estimates of CSD for patients with or without chemotherapy in the post-match cohort;
B. Cumulative incidence estimates of CSD for patients with or without radiotherapy in the post-match cohort; C
Overall survival of the post-match population with or without chemotherapy; D Overall survival of the post-
match population with or without radiotherapy.
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Figure 3

Nomogram predicting 1-, 3-, and 5-year probabilities of CSD for EC patients based on the training cohort.
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Figure 4

(A, C, E) The calibration curves of nomogram for predicting 1-, 3-, and 5-year probabilities of CSD in the training
set. (B, D, F) The calibration curves of nomogram for predicting 1-, 3-, and 5-year probabilities of CSD in the
validation set. Nomogram-predicted CSD is plotted on the x-axis; actual CSD is plotted on the y-axis. The
imaginary line indicates a perfect calibration model in which the predicted probabilities are identical to the
actual incidence.
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Figure 5

Decision curve analysis (DCA) of the nomogram and 6th edition AJCC TNM staging system for 1-year (A), 3-
year (B), and 5-year (C) overall survival. The x-axis measures the threshold probabilities, and the y-axis
represents the net bene�t. The horizontal line along the x-axis assumes that overall death occurred in no
patients, while the solid gray line assumes that all patients will have overall death at a speci�c threshold
probability. The blue solid line represents 6th edition AJCC TNM staging system. The red solid line represents
the nomogram.
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Figure 6

A. Cumulative incidence estimates of CSD for EC patients with or without chemotherapy in the high-risk group;
B. Cumulative incidence estimates of CSD for EC patients with or without radiotherapy in the high-risk group; C.
Cumulative incidence estimates of CSD for EC patients with or without chemotherapy in the low-risk group; D.
Cumulative incidence estimates of CSD for EC patients with or without radiotherapy in the low-risk group.
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Figure 7

A. Overall survival of EC patients with or without chemotherapy in the high-risk group; B. Overall survival of EC
patients with or without radiotherapy in the high-risk group; C. Overall survival of EC patients with or without
chemotherapy in the low-risk group; D. Overall survival of EC patients with or without radiotherapy in the low-
risk group.
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